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CERTIFICATION  OF  3C  TRANSPORTATION  PLANNING  PROCESS 


In  accordance  with  the  FHWA/UMTA  Urban  Transportation 
Planning  Final  Rule,  dated  June  30,  1983,  the  Metropolitan 
Planning  Organization  (MPO)  for  the  Northern  Middlesex  Urbanized 
Area  has  completed  its  review  and  hereby  certifies  that  the 
conduct  of  the  3C  Transportation  Planning  Process  complies  with 
the  requirements  of  CFR  450.114  (c) ;  and  that  said  process 
includes  activities  to  support  the  development  and  implementation 
of  this  Transportation  Improvement  Program  (TIP),  the  Transpor- 
tation Plan,  and  subsequent  project  development  activities,  as 
necessary  and  to  the  degree  appropriate. 

CERTIFICATION  OF  PRIVATE  ENTERPRISE  PARTICIPATION 
TRANSPORTATION  PLANNING  PROCESS 
The  Metropolitan  Planning  Organization  (MPO)  for  the 
Northern  Middlesex  Urbanized  Area  hereby  certifies  that  the  local 
process  for  the  involvement  of  the  private  sector  in  the  trans- 
portation planning  activity  has  been  followed. 
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INTRO  DO  CT  ION 


Based  on  regulations  promulgated  by  the  Department  of 
Transportation   (DOT),  any  transportation  project  funded  through 
the  Federal  Highway  Administration  (FHWA)  or  the  Urban  Mass 
Transportation  Administration   (UMTA)  must  be  listed  in  the 
appropriate  region's  Transportation  Improvement  Program  (TIP). 
Without  such  a  listing,   Federal  Highway  funds  cannot  be  expended 
by  the  Massachusetts  Department  of  Public  Works  (MDFW)  on  local 
or  State  projects.     Similarly,  the  Lowell  Regional  Transit 
Authority   (LRTA)  can  only  receive  Federal  funds  for  projects 
listed  in  the  TIP  of  the  Northern  Middlesex  Metropolitan  Planning 
Organization. 

The  principal  object  of  this  mandatory  TIP  listing  is  the 
provision  of  an  additional  point  for  public  access  to  and  review 
of  the  transportation  planning  process. 

TIP  Organization 

The  TIP  divides  projects  between  two  time  frames;  the  Annual 
Element   (AE)  and  the  Future  Element   (FE).     Listed  on  the  Annual 
El ement  are  all  the  projects  proposed  for  implementation  in  the 
current  fiscal  year.     All  other  projects  are  generally  considered 
to  be  not  more  than  four  years  distant  from  entering  the  Annual 
Element  and  are  thus  listed  in  the  Future  Element. 

Each  element  is  subdivided  so  as  to  list  separately  individ- 
ual projects  under  their  appropriate  funding  category.  Projects 
within  each  funding  category  are  ranked  by  NMAC  member  community 
officials  and  citizens  according  to  the  locally  perceived  value 
of  a  project  meeting  regional  transportation  needs.     This  prior- 
ity ranking  is  non-binding  on  the  MDIW  project  implementation 
scheduling  process.     The  ranking  does,  however,  provide  the  MDIW 
with  important  local  input  regarding  the  relative  value  of 
individual  projects  within  a  given  funding  category. 

TIP  Development  Process 

The  TIP  is  a  requirement  of  the  Federally  mandated  transpor- 
tation planning  process.     This  process  is  carried  out  under  the 
authority  of  the  Northern  Middlesex  Metropolitan  Planning 
Organization   (NMMPO)  which  reviews  and  endorses  all  required 
documents,  and  consists  of:     the  Chairman  of  the  Northern 
Middlesex  Area  Commission   (NMAC),   the  Chairman  of  the  Lowell 
Regional  Transit  Authority  (LRTA),  the  Secretary  of  the 
Massachusetts  Executive  Office  of  Transportation  and  Construction 
(EOTC)  and  the  Commissioner  of  the  Massachusetts  Department  of 
Public  Works   (MDPW) .     The  staff  of  NMAC  acts  as  planning  staff  to 
the  NMMPO.     Under  this  arrangement  NMAC  produced  the  current  TIP. 
The  TIP  is  based  on  projects  listed  in  the  preceding  year's  TIP 
updated  with  current  project  listings  provided  by  NMAC  member 


communities,  the  LRTA,  and  the  MDPW,     Priorities  for  each  Annual 
Element  project  are  suggested  by  NMAC  staff,  and  submitted  to 
member  communities  for  their  review.     Following  local  review,  the 
TIP  is  submitted  to  the  NMMPO  signatories  for  their  official 
endorsement.     Local  review  includes  distribution  of  the  draft 
document  to  private  transit  providers  in  the  area  according  to 
NMAC  Private  Sector  Involvement  Policy. 

As  NMAC  is  the  official  areawide  clearinghouse  for  Inter- 
governmental Review  under  Executive  Order  12372,  NMAC's  endorse- 
ment of  the  TIP  represents  regional  approval  under  the  Federal 
Project  Review  System  for  all  projects  listed  on  the  current 
tip's  Annual  Element.     This  review  also  satisfies  Statewide 
Intergovernmental  Review  requirements  as  set  forth  by  Executive 
Office  of  Communities  and  Development  Memorandum  of  July  18, 
1986. 

TIP  Relationship  to  NMAC  Comprehensive  Transportation  Plan 

The  Comprehensive  Transportation  Plan  (CTP)  covers  a  period 
of  five  to  ten  years  and  is  updated  as  needed.     NMAC  is  currently 
updating  the  CTP.     The  overall  transportation  goals  and  policies 
articulated  in  the  CTP  ensure  that  individual  projects  are 
considered  within  the  context  of  established  regional  goals,  as 
required  by  Federal  regulation. 

The  TIP  provides  access  to  the  funding  necessary  to  trans- 
form the  OTP's  policies  and  goals  into  finalized  projects.  Many 
TIP  Annual  Element  projects  are  drawn  directly  from  the  CTP.  In 
addition  to  being  drawn  from  the  CTP,  transit  projects  may  be 
derived  from  special  studies  and  routine  capital  equipment 
replacement  schedules.     The  Gallagher  Terminal  addition  (expan- 
sion of  Gallagher  Terminal  to  include  a  satellite  bus  facility 
and  improved  pedestrian  access)  is  an  example  of  this  process. 
Special  studies  have  included  Developnent  and  Use  Potential  of 
the  Gallagher  Terminal,  An  Overview,  NMAC,  Fall  1981,  LRTA 
Proposed  Satellite  Bus  Facility  and  Pedestrian  Access  on  Land 
Adjacent  to  Gallagher  Terminal,  NMAC,  September  1984,  Feasibility 
Study:  Charles  A.  Gallagher  Transportation  Terminal  Expansion, 
Satellite  Facility/Pedestrian  Access,  NMAC,  October  1987,  Office 
Market  Opportunities,  Gallagher  Transportation  Terminal  Site, 
Hammer  Siler  George  Assoc. 

TIP  Position  in  Project  Funding  Sequence 

Perhaps  one  of  the  most  common  misconceptions  regarding 
highway  project  funding  involves  the  relationship  between  project 
listing  on  the  TIP  and  the  assurance  of  funding  for  project 
construction. 

The  fact  is  that  a  highway  project  listing  on  the  TIP  does 
not  in  any  way  constitute  a  financial  commitment  to  construct  a 
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given  project.     Rather,  TIP  listing  is  simply,  but  importantly, 
one  more  step  in  the  implementation  process.     This  process 
requires,  by  regulation,   that  to  be  funded  for  construction,  all 
projects  must  be  listed  on  the  TIP  Annual  Element.     However,  not 
all  projects  listed  on  the  TIP  must  be  funded  for  construction. 
In  practice  during  any  given  year,  more  projects  are  listed  in 
the  Annual  Element  than  there  are  available  construction  funds. 

Deciding  which  projects  are  funded  is  the  responsibility  of 
the  MDIW.     Some  of  the  criteria  applied  in  this  decision  making 
process  are  regional  priority,  project  cost,  length  of  construc- 
tion period  and  how  a  given  project's  completion  affects  the 
MDFW's  overall  transportation  system  improvement  program. 

Transit  projects  are  also  placed  on  the  TIP  prior  to  and  as 
a  necessary  condition  for  commitment  of  funds  by  the  Urban  Mass 
Transportation  Administration  (UMTA) .     The  LRTA  includes  the 
projects  in  the  Annual  Element  on  its  annual  Section  9,  or  other 
funding  program,  grant  applications  to  UMTA.     Actual  funding  is 
then  determined  by  UMTA  based  on  available  funds  and  justifi- 
cation for  the  projects  included  in  the  grant  application.  As 
with  highway  projects,  more  projects  may  be  programmed  on  the  TIP 
than  annual  UMTA  apportionments  can  accommodate.     In  these  cases 
final  priorities  are  set  at  the  time  grant  applications  are  filed 
and  alternate  funding  avenues  or  methods  are  sought  through  the 
LRTA's  ongoing  financial  planning  activities. 
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TIP  AIR  QUALITY  ANALYSIS/CXJNSISTENCY  STATEMENT 
Introduction 

To  ensure  that  projects  originating  through  the  transpor- 
tation planning  process  in  the  NMAC  region  are  consistent  with 
the  State  Implementation  Plan  (SIP)  for  air  quality,  an  analysis 
of  the  Transportation  Improvement  Program  (TIP)  is  required. 
This  analysis  is  mandated  only  for  those  projects  listed  on  the 
TIP  Annual  Element. 

Within  the  Annual  Element  two  main  categories  of  projects 
require  analysis:  those  which  will  affect  existing  vehicular 
speed,  delay  or  usage,  and  those  projects  which  are  termed  major 
action  projects. 

Projects  in  the  first  category  are  analyzed  because  of  their 
bearing  on  the  relationship  between  engine  operation  and  mobile 
source   (vehicular)  pollution. 

Engine  Operation  and  Pollution 

Briefly  put,  every  time  a  vehicle  engine  is  operated,  it 
produces  some  degree  of  pollution.     The  degree  of  pollution  is  a 
function  of  engine  operation  as  measured  by  speed  in  miles  per 
hour  (MPH) .     Generally,  as  vehicle  speed  (MPH)  increases,  engine 
pollution  decreases.     Consequently,  the  larger  the  percentage 
increase  in  speed,  the  greater  the  reduction  in  pollutants.  Thus 
a  5  MPH  increase  from  30  MEH  to  35  MPH  produces  a  larger  absolute 
emission  reduction  than  a  5  MPH  increase  from  50  MPH  to  55  MPH. 

Projects  Which  Change  Speed,  Delay,  Usage ; 

o       Speed  -  Generally   (though  not  exclusively),  projects 

which  increase  the  operating  speeds  of  a  given  roadway 
do  so  by  increasing  its  capacity.     Increased  capacity  - 
the  ability  of  a  roadway  to  accommodate  more  vehicles 
at  one  time  -  results  from  widening  the  existing 
roadway.     Thus  projects  which  involve  widening  a 
roadway  are  analyzed. 

o        Delay  -  Because  there  is  no  clean  phase  of  engine 
operation,  engine  idling,  termed  vehicle  delay  or 
simply  delay,   is  a  significant  contributing  factor  to 
mobile  source  pollution.     Typically,   signal  ization 
projects  have  a  direct  bearing  on  the  amount  of  delay 
at  a  given  location.     For  that  reason,   signal ization 
projects  on  the  Annual  Element  are  analyzed. 

o       Usage  -  Because  once  in  operation  a  vehicle  engine  is 
constantly  producing  pollution,  any  project  which 
influences  the  amount  of  vehicle  usage  has  a  direct 
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impact  on  air  quality.     Therefore,  projects  such  as 
park  and  ride  lots  and  new  transit  service  which 
influence  use  are  analyzed. 

Major  Action  Projects 

The  second  category  of  projects  included  in  this  analysis 
are  those  whichf  due  to  project  nature  and/or  scope,  require,  by 
law,   that  an  Environmental   Impact  Statement   (EIS)  ,  Environmental 
Impact  Review  (EIR)  or  Finding  of  No  Significant  Impact  (FONSI) 
be  conducted.     These  studies  document  a  given  project's  impact  on 
various  systems  and  elements  one  of  which  is  air  quality. 

This  consistency  analysis  takes  note  of  all  major  action 
projects  listed  on  the  Annual  Element.     Following  completion  of 
these  projects'  respective  reports,  NMAC  will  examine  the 
appropriate  air  quality  data  and  include  it  in  this  analysis. 
Each  annual  project  which  fulfills  any  of  the  above  definitions 
is  labeled  as  having  Air  Quality  Significance  in  its  TIP  project 
description. 

Methodology 

Each  project  analysis  utilizes  the  methodology  developed  by 
the  DEQE  and  MDIW  and  endorsed  by  the  Air  Quality  Task  Force. 
Within  each  analysis  the  following  factors  were  employed: 

o        ADT  -  Existing  ADT  is  factored  from  base  year  data  to 
the  appropriate  study  year. 

o        Emission  factors  -  all  factors  are  from  EPA  Mobile  II. 

o        1987  emission  factors  are  adjusted  annually  using  the 
.86  adjustment  factor  to  reflect  1990  conditions  as 
suggested  by  DEQE  in  its  August  31,  1987  memo  on  TIP 
Analysis  Technical  Guidance. 

o        Default  noncataly tic/cold/hot  start  of  20.6%/27.3%/ 
20.6%. 

o        75°  F  ambient  temperature. 

o        All  emission  totals  expressed  in  kilograms.     Note  453.7 
grams  =  1  pound  while  1,000  grams  =  1  kilogram. 

The  results  of  the  analysis  described  above  are  illustrated 
in  Table  1. 
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TABLE  1 

NMAC  FY  1990  TIP  A.E.   AIR  QUALITY  FINDINGS 

Change  in  Non-Methane 
Hydrocarbon  Per 
Funding  Category  Ozone  Season* 

Community        Project  Cost  1990 

Billerica        Route  3A         Urban  Systems  +89.71  kg 

Signal iza-  Statewide 
tion  $1,250,000. 

Proj  ect s 

Lcwell  Reconstruct    Urban  Systems  -102.21  kg 

Pawtucket  Statewide 
Blvd. (Route  $3,500,000. 
113)  for  a 
total  of 
1.96  miles 

Westford         Route  110/      Rural  Secondary  +10.31  kg 

Minott's  $1,500,000. 
Corner 


Conclusion 

This  analysis  of  the  NMAC  FY  1990  TIP  reveals  that  the  three 
signal  improvement  projects  proposed  for  Route  3A  in  Billerica 
and  the  Minott's  Corner  improvements  have  the  potential  to 
increase  non-methane  hydrocarbons  by  100.2  kg  in  1990.  However, 
the  reconstruction  of  Pawtucket  Boulevard  in  Lcwell  will  reduce 
overall  levels  of  non-methane  hydrocarbons  by  102.21  kg  in  1990. 


*  Ozone  Season  =  180  days 
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DESCRIPTION  OF  FUNDING  CATEGORIES 


The  explanations  which  follow  outline  the  basic  uses  and 
requirements  of  each  funding  category  utilized  in  this  TIP. 
Specific  information  related  to  a  particular  roadway's  eligi- 
bility for  these  funds  can  be  provided  by  NMAC  (454-8021)  or  the 
MDIW  District  4  Office   (648-6100).     Questions  regarding  UMTA 
funding  are  best  directed  to  the  LRTA  (459-0164). 

Highway  Funding 

o    Interstate  -  Finances  construction  projects  on  the 
Interstate  System  regardless  of  the  urban  or  rural  nature  of  a 
project's  location.     The  NMAC  region  has  sections  of  two  oper- 
ating Interstate  facilities,   1-495  and  1-93,  within  its  bound- 
aries. 

Funding:     Federal  90%/State  10%. 

o    Interstate  Resurfacing,  Restoration,  Rehabilitation  and 
Reconstruction   (I-4R)  -  Contributes  to  financing  the  major 
maintenance  requirements  of  the  Interstate  System. 

Funding:     Federal  90%/State  10%. 

o    Urban  Systems  -  Finances  construction  and  maintenance 
projects  on  Urban  System  roadways  such  as  the  Middlesex  Turnpike 
and  the  Lcwell  Connector.     Typically,  Urban  System  facilities  are 
owned  by  local  communities  and  are  high  traffic  volume  arterials 
or  collectors  situated  in  urban  areas.     For  highway  planning 
purposes,   the  MDIW  designates  which  sections  of  the  highway 
network  are  urban  or  rural. 

Funding:     Federal  75%/State  25%/Local  100%  of  design  costs. 

o    Consolidated  Primary  -  Finances  construction  and  mainte- 
nance projects  on  roadways  such  as  Route  3,  which  are  usually 
rural  arterials  inclusive  of  their  urban  extensions.     Again  the 
MDFW   (with  the  approval  of  EXDT)  establishes  which  roads  make  up 
the  Primary  System.     Generally,  the  entire  Primary  System  is 
State  owned. 

Funding:     Federal  75%/State  25%. 

o    Rural  Secondary  -  Finances  construction  and  maintenance 
projects  on  roadways  such  as  Route  113  in  Dunstable  which  are 
major  collector  routes  located  in  areas  deemed  rural  by  the  MDPW. 

Funding:     Federal  75%/State  25%. 
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o    Highway  Bridge  Replacement  and  Rehabilitation  -  Finances 
the  replacement  or  maintenance  of  deficient  bridges  without 
concern  for  a  given  bridge's  urban  or  rural  setting.  Uniquely, 
these  funds  may  be  expended  on  any  highway  bridge  situated  on  a 
public  road  whether  on  or  off  the  Federal  Aid  System.  Projects 
such  as  replacement  of  the  School  Street  Bridge  in  Lowell  and  the 
High  Street  Bridge  in  Billerica  qualify  for  this  category. 

Funding:     Federal  80%/State  20%. 

o    Public  Works  Economic  Development   (IWED)  -  Finances 
roadway  projects   (such  as  construction  of  access  roads)  which 
will  directly  encourage  the  economic  development  of  the 
surrounding  area. 

Funding:     Program  does  not  specify  amounts  of  matching 
funds. 

o    Rail  Highway  Crossings  Program  -  Finances  projects  which 
eliminate  hazards  at  railroad  highway  crossings,  again  regardless 
of  the  urban  or  rural  character  of  a  project's  location.  Typi- 
cally, projects  which  meet  this  category's  requirements  are  grade 
separations  and  the  installation  of  flashing  lights  or  gates  or 
signs  at  rail-highway  crossings. 

Funding:     Federal  90%/State  10%. 

o    Safer  Off-Svstems  -  Finances  projects  to  upgrade  and 
reconstruct  non-toll  publicly  cwned  roads  in  both  urban  and  rural 
areas  not  on  the  Federal  Aid  System. 

Funding:     Federal  75%/State  25%. 

o  State  Aid  -  Bikeways  -  Finances  the  design,  construction 
or  reconstruction  of  bicycle  paths,  lanes  or  routes  in  either  an 
urban  or  rural  area. 

Funding:     State  75%/Local  25%,  which  may  be  provided  through 
in-kind  services. 

o    Non-Federal  Aid  Roadways  -  Finances  the  construction  or 
reconstruction,   improvement  or  maintenance  of  any  municipally  or 
county  owned  road  whether  urban  or  rural,  except  State  highways. 

Funding:     For  roads  on  the  State  Aid  Primary  System,  the 
State  pays  100%  of  costs.     For  non-State  Aid  Primary  System 
Roads,   the  funding  is  State  75%  and  local  25%. 
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Transit  Funding 


o    Section  Nine   (UMTA)  -  Finances  capital,  planning  and 
operating  expenses  for  LRTA  urban  service  areas.     Section  9  funds 
are  awarded  and  administered  by  UMTA. 

Funding  for  capital  expenses:     Federal  80%/State  10%/ 
LRTA  10%. 


Funding  for  planning  expenses:     Federal  80%/NMAC  20%. 

Funding  for  operations  expenses:     Federal  50%/State  25%/ 
LRTA  25%. 

o    Section  18   (UMTA)   -  Finances  capital  and  operating 
expenses  for  transit  operations  in  rural  areas.     In  Massa- 
chusetts, this  section  is  adninistered  by  the  Executive  Office  of 
Transportation  and  Construction  (EOTC) . 

Funding  for  operating  expenses:     Federal  50%/State  25%/ 
LRTA  25%. 

Funding  for  capital  expenses:     Federal  80%/State  10%/ 
LRTA" 10%. 


o    Section  16(b)    (2)    (UMTA)  -  Finances  capital  expenses  for 
private  non-profit  organizations  to  provide  specialized  transit 
services  for  the  elderly  and  handicapped  populations.  These 
awards  are  approved  on  a  project  by  project  basis,   funding  only 
capital  expenses  for  the  acquisition  of  specific  types  of  vans 
and  base  station  equipment.     Section  16(b)    (2)  does  not  fund 
operating  expenses  under  any  conditions. 

Funding:     Federal  80%.     Private  non-profit  organization  20% 
paid  in  cash  with  non-Federal  funds. 


Annual  Element  Project  Totals  (Highway) 

Table  2  shows  the  total  annual  element  project  costs  by 
funding  category.     Estimated  funding  for  FY  '89  is  not  yet 
available,  however,  based  on  past  years'   available  funding 
levels,  many  funding  categories  for  NMAC  TIP  project  totals  would 
use  a  large  percentage  of  funds  available  statewide.     This  fact 
points  to  the  extremely  competitive  nature  that  exists  in  funding 
highway  projects. 
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Category 
Urban  Systems 

Highway  Bridge  Replacement 

and  Rehabilitation 
Interstate  Resurfacing 
Rural  Secondary 
Consolidated  Primary 


TABLE  2 

Annual  Element  Project  Totals 

$4,750,000. 

3,200,000. 
3,400,000. 
1,500,000. 
6,000,000. 
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LEXICON 


The  terms  defined  below  are 
tation  Improvement  Program  (TIP) 

Activity  - 

Air  Quality  Significance  (AQS)  - 
Annual  Element   (AE)  - 

Future  Element  (FE)  - 
Implementing  Agency  - 
Regional  Priority  - 

Source  of  Funds  - 
TSM  - 


used  throughout  the  Transpor- 


Proposal,   planning,  engineer- 
ing  (PE),   right  of  way  (ROW) 
or  construction  (CON)  as 
appropriate  for  a  given 
project's  status. 

Indicates  a  project  which 
influences  vehicle  speed, 
delay  or  usage.  (Pg.6) 

TIP  section  listing  projects 
proposed  for  implementation 
during  the  current  Federal 
fiscal  year   (October  1st  to 
September  30th).     (Pg.  1) 

TIP  section  listing  projects 
expected  to  enter  the  AE 
within  the  next  four  fiscal 
years. 

Identifies  agency  or  agencies 
responsible  for  a  project's 
planning,   design  and  construc- 
tion. 

Project  ranking  approved  by 
NMAC  communities  and  endorsed 
by  the  Committee  of  Signa- 
tories  (Pg.   1);  1-High;  2- 
Medium;  3-Low. 

Level  of  government  (s)  - 
Federal,   State,  Local  - 
financing  a  project's  imple- 
mentation. 

"T"  notes  a  project  contained 
in  the  current  Comprehensive 
Transportation  Plan. 

Notes  a  project  which  employs 
Transportation  System  Manage- 
ment (TSM)  methods  to  solve  a 
transportation  problem. 
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HIGHWAY  PROJECTS 

Page  No. 
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Boston  Road/Treble  Cove  Road,  Bridge  Street, 

and  Webb  Brook  Road  Signals  .....  19 

Andover  Road  Bridge  .......  21,  29 

Gray  Street  Bridge     .......  21,  29 

Pollard  Street  Bridge        ......  21,  30 

Brown  Street  Bridge  .......  21,  31 

Concord  Road  Bridge  over  Route  3       .        .         .  .31 

Route  3  Add-A-Lane     .         .         .         .         .         .         .  25,  33 

Ch  elmsf  ord 

Route  129  Reconstruction  ......  27 

Princeton  Street   (Route  3A)  Bridge  ....  31 

Route  3  Add-a-Lane     .         .         .         .        .         .         .25, 33 

Route  3  Resurfacing  .......  33 

Dracut 

Phineas  Street  Bridge        ......  21,  30 

Dunstable  -  No  Projects 
Lowell 

Pawtucket  Boulevard  .......  19 

Boylston  Street  Bridge       ......  20 

Merrimack  Street,  Dutton  Street  and  Arcand  Drive     .  27 

Route  38/Rogers  Street       ......  27 

Thorndike  Street        .......  27 

Plain  Street  Bridge  .......  20,  29 

Aiken  Street  Bridge  .......  30 

Permanent  River  Crossing  ......  30 

School  Street  Bridge  (over  railroad  and  canal)  .  22,  31 
Intersection  Improvements  at:  Aiken  Street  and 


Lakeview  Avenue,  Pine  Street  and  Stevens  Street, 
Westford  Street  and  Pine  Street,  Westford  Street 
and  Stevens  Street,  Aiken  Street  and  West  Sixth 
StiT^ot*         •         •         •         •         •         •         •         •  32 

Route  3  Add-A-Lane     .         .         .         .         .         .         .       25,  33 

Pepper  ell 

Route  113  Railroad  Square.         .....  28 

Route  Ill/Route  119  Bridge        .....  30 

Tewksbury 

Main  Street  Bridge     .......       20,  29 
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Tyngsbor ough 

Route  3  Add-A-Lane     .......  25,33 

Route  3  Resurfacing  .......  33 

Westf  ord 
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FY  '91  Operating  Assistance  -  Bus    .....  55 

FY  '91  Capital  Assistance  ......  55 

FY  '91  Planning  Assistance        ......  55 
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s  $  $  s 


Federal        75%  URBAN  SYSTEMS  STATEWIDE 

Scace  25% 

Local  100%  of  design  costs  for  locally  owned  facilities 


Facility  - 
Connunicy 

Project  Description 

Regional 
Priority 

Source  Est. 
of  Cost 
Funds  (GOO's) 

I-?le- 

-er.cir.g 

Aser.cv 

Boston  Road/ 
Route  3A 
Billerica 

A.Q.S. 

T 

Traffic  signals  at  Boston  Road 
and  Treble  Cove  Road,  Boston 
Road  and  Bridge  Street,  Boston 
Road  and  Webb  Brook  Road 

(Design  work  complete) 
Project  I.D.#:  006820 

1 

Federal  937.5 
b  ta  t  e                       . ^ 

Local 

PE  by 
Town 

CON  by 
MDPW 

Total  1250 

Activity  CON 

Pawtucket 
Boulevard 
v^Koute  11  o  J 
Lowel 1 

A.Q.S. 

T 

Reconstruct  and  relocate 
Pawtucket  Boulevard  along 
northerly  edge  from  Dunbar 
Avenue  to  Pawtucket  Boulevard 
Extension  (1.96  miles) 

(Design  work  complete) 
Project  I.D.#,:  056050 

1 

Federal  2625 

State 

Local 

PE  by 
City 

RECON  by 
MDPW 

3500 

Total 

Activity  RECON 

Fed  oral 

State 

Local 

Total 

Activity 

Federal 

State 

Local 

Total 

Ac  t  iv  i t y 

Fed  cral 

State 

Local 

Total 

Activity 

1  Q 


s  $  $  s 

Federal  80% 
Scace  20% 
Local 


BRIDGE  REPLACE^ENT/REHABILITATION 


Facility  - 
CcriLT.unicy 


Bridges  in 
NMAC  conuTiun- 
ities 


Project  DescriiiLion 


Necessary  preliminary  engineer- 
ing/design as  bridges  require 
in  NMAC  communities 


Reg  i  onal 
Priority 


Source 
of 

Fund  s 


Esc  . 

Cost 
(000*  s) 


Inple- 

rr.encir.g 

Asencv 


Fed  eral 
State 
Local 
Total 


160 
40 


200 


Activity 


?E 


IvDPW 


Boylston 
Street 
Lowell 
L-15-5 


Reconstruction  of  Boylston 
Street  bridge  over  the  B^M 
Railroad 


Federal 
State 
Local 
total 


800 
200 


1000 


Project  I.D.#:  007105 


Act  ivity 


RE  CON 


MDPW 


School  Street 
Bridge, 
Lowell 
L-lS-22 


Design  work  for  rehabilitation 
of  School  Street  Bridge  over 
Northern  Canal 


Fed  oral 
State 
Local 
Total 


160 
40 


200 


Project  I.D.#:  127750 


Act  iv  ity 


DESIGN 


MDPW 


Plain  Street 
Bridge, 
Lowell 
L-15-2 


Design  work  for  rehabilitation 
of  Plain  Street  Bridge  over 
ConRail  tracks 


Federal 
State 
Local 
Total 


80 
20 


100 


Project  I.D.#:  056550 


Ac  t  iv  i ty 


DESIGN 


MDPW 


Main  Street 
Bridge 
Tewksbury 
T-3-8 


Design  work  for  the  recon- 
struction of  Main  Street  Bridge 
over  B^M  Railroad 


Fed  eral 
Sta  te 
Local 
Total 


720 
180 


900 


Project  I.D.#:  042230 


Act  ivity 


DESIGN 


MDPW 


20 


$  $  $  $ 

Federal 
State 
Loca  1 


80% 
20% 


BRIDGE  REPLACENENT/ REHABILITATION 


/A 


Facilicy  - 
CoHCTunity 

Project  Description 

Reg  ional 
Priority 

Source  Est. 
of  Cost 

r  una  s                 ( UUU  s ; 

Imple- 
ment ing 
Agency 

Gray  Street 
Bridge 
Bil lerica 
B-12-12 

T 

Design  work  for  total  bridge 
replacement 

Project  I.D.#:  029449 

1 

Federal  80 
State  20 
Local 

MDPW 

Total 

Activity  DESIGN 

Andover  Road 
Bridge 
Billerica 
B-12-13 

T 

Design  work  for  total  bridge 
replacement 

Project  I.D..#:  002001 

1 

i.  C.  V-1  C  L  CI  J.  (j\J 

State  20 
Local 

MDPIV 

Total 

Activity  DESIGN 

Pollard  Street 
Bridge 
Billerica 
B-12-5 

T 

Design  work  for  bridge  recon- 
struction 

Project  I.D.#:  058020 

2 

1 eu  e  rax 

144 

State  36 
Local 

MDPW 

Total  • 

ArCiviCv           nc  c  t  ^\^ 

Phineas  Street 
Bridge 
Dracut 
D-11-5 

T 

Design  for  replacement  of 
existing  bridge  and  related 
approach  roadway 

Project  I.D.#:  021110 

1 

State  24 
Local 

MDPW 

Total 

Activity  DESIGN 

Brown  Street 
Bridge 
Billerica 
B-12-14 

T 

Design  work  for  bridge  replace- 
ment 

Project  I.D.#:  009549 

1 

Federal  80 
State  20 
Local 

MDPW 

Total  100 

Activity  DESIGN 
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s  $  $  s 

Federal 
State 
Loca  1 


80% 
20% 


BRIDGE  REPLACEMENT/ REHABILITATION 


Facility  - 
Corzniunity 


Project  Descr  ij-Jt  ion 


Reg  ional 
Pr  ior  ity 


Source 
of 

Funds 


Est . 

Cost 
(OOC  s) 


Imple- 
ment ing 
Agency 


School  Street 
Bridge 
Lowel 1 
L-15-10 


Design  work 

Replace  School  Street  Bridge 
over  railroad  tracks  and  canal 


Federal 
State 
Local 
Total 


160 

40 


MDPW 


200 


Project  I.D.#:  127751 


Activity 


DESIGN 


River  Street 
Bridge 
Westford 
W- 26-10 


Design  work 

Replace  River  Street  Bridge 
over  B&M  Railroad 


Project  I.D.#.:  060950 


Federal 
State 
Local 
Total 


80 
20 


MDPW 


100 


Act  ivity 


DESIGN 


Federal 
State 
Local 
Total 


Activity 


Federal 

State 

Local 

Total 

Activity 


Federal 

State 

Local 

Total 

Activity 
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3  $  s 


Federal  90% 
State  10% 
Local 


INTERSTATE  RESURFACING  (4R) 


Facility  - 
Community 

Project  Description 

Regional 
Priority 

Source  Est. 
of  Cost 
runus                 ^uuu  sj 

Imple- 
menting 
Agency 

1-495 
Westf ord 

Resurface  1-495  from  Chelmsford/ 
Westford  Town  line  to  Littleton/ 
Boxborough  Town  line 

Project  I.D.#:  066162 

1 

reaerax  Z/\JyJ 
State  300 
Local 

MDPW 

Total  3400 

• 

• 

State 
Local 

Total 

( 

State 
Local 

Total 

t\C  L.  IV  J- 1  y 

f  coerax 

State 

Local 

Total 

Activity 

State 
Local 

Total 

Activity 
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s  s  $  s 

Federal     90%  RURAL  SECONDARY 

State  10% 
Loca  1 


Facility  - 
Conmunity 

Project  Description 

Reg  ional 
Priority 

Source  Est. 
Funds  (OOO's) 

Imple- 
menting 
Agency 

Route  110/ 
Minott's 
Corner 
Westford 

Traffic  and  intersection 
improvements,  including 
signalization  of  Minott's 
Comer 

Project  I.D. //:  .080649 

1 

Federal  1350^ 
State  150, 
Local 

PE  by 
Town 

CON  by 
MDPW 

Total  1500. 

Activity  CON 

- 

Federal 

State 

Local 

Total 

Activity 

4 

Federal 

C     1  f- 

D  LU  c  e 

Local 

Total 

Activity 

Federal 

State 

Local 

Total 

Activity 

Federal 
Local 

Total 

Activity 
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s  $  $  s 

Federal  75% 

State       25%  CONSOLIDATED  PRIMARY 

Local 


Facility  - 
Connunity 

Project  Description 

Reg  ional 
Priority 

Source              Est . 
of  Cost 
Funds  (OOO's) 

Imple- 
ment ing 
Agency 

Route  3 
Billerica, 
Chelmsford, 
Lowell 

T 

Design  work 

Route  3  Add-A-Lane  project  from 
Route  128  to  New  Hampshire 
State  line 

(Phase  II  -  Billerica  to  New 
Hampshire  State  line) 

Project  I.D.#:  107700 

1 

Federal  4500 
S"te  15QQ 
Local 

MDPW 

Total  6000 

Activity  CON 

Federal 

State 

Local 

Total 

Activity 

Federal 
State 

Local 

Total 

Activity 

Federal 

State 

Local 

Total 

Activity 

Federal 

State 

Local 

Total 

Act  ivity 

25 


L 
W 
[ 


II 


s  s  s  s 


Federal       75%  SYSTEMS  STATEWIDE 

State  25% 

Local        100%  of  design  costs  for  locally  owned  faciliti 


es 


Facility.  - 
Community 


Merrimack  St. 
Dutton  St. , 
and  Arcand  Dr 
Lowell 


Route  38/ 
Rogers  Street 
Lowell 


Route  129 
Chelmsford 


Thorndike  St. 
Lowell 


Project  Description 


Reconstruction  of  the  intersectii 
of  Merrimack  Street,  Dutton 
Street,  and  Arcand  Drive 
(Monument  Square) 


Project  I.D.//:  040405 


Improvements  on  Route  38/Rogers 
Street  corridor 


Project  I.D.#:  112180 

Reconstruction  of  Route  129 
from  Alpha  Road  to  Industrial 
Avenue 


Project  I.D.//:  089003 

Reconstruction  of  Thorndike  St. 
from  Lowell  Connector  to  the 
beginning  of  the  Sampson 
Connector 


Project  I.D.//:  133912 


Federal 

State 

Local 

Total 

Activity 


1  Source  Est. 

of  Cost 
iFunds  (OOO's) 

Imple- 
menting 
Agency 

j  Federal  525 
1  State  17S 
1  Local 
Total  700 

1  Design 
by  City 

CON  by 
MDPW 

Activity  cON 

Federal  412.5 
1  State  137.5 
1  Local 

Total  550 

1  PE  by 
Lovvell 
Plan 

CON  by 

MDPW 

Activity  cON 

J  Federal  1425 
1  State                   /  -7c 
j  Local  1 
Total  1900 

PE  by 
Town 

CON  by 
MDPW 

Activity  CON 

1  Federal  1 

600 

State  200 
I  Local  1 
Total  800 

PE  by  1 
City  1 

CON  by  1 
MDPW  1 

Activity         RECON  1 
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$  $  s  $ 

Federal 

State 

Local 


75% 
25% 


RURAL  SECONDARY 


¥ 


Facility.  - 
Community 


Project  Description 


Regional 
Priority 


Source 
of 

Funds 


Est . 
Cost 
(000* s) 


Route  113 
Pepperell 


Channelization  of  Main  Street 
and  Groton  Street  at  Railroad 
Square 


Project  I.D.#:  081601 


Federal 
State 
Local 
Total 


Activity 


375 
125 


500 


CON 


Federal 
State 
Local 
Total 


Activity 


Federal 
State 
Local 
Total 


Activity 


Federal 
State 
Local 
Total 


Activity 


Federal 

State 

Local 

Total 

Activity 
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s  s  $  ^ 

Stat"^      20%  BRIDGE  REPLACEMENT/REHABILITATION 

Local 


Facility.  - 
Community 

Project  Description 

Regional 
Priority 

Source  Est. 
of  Cost 
funds                  (vUU  6/ 

Imple- 
menting 
Agency 

School  Street 
Bridge 
Lowell 
L- 15-22 

T 

Replace  or  substantially 
rehabilitate  School  Street 
Bridge  over  Northern  Canal 

Project  I.D.#:  127750 

2 

reaerai  1500 
State  400 
Local 

NIDPW 

Total  2000 

ACLXVXLy  IVCV^UIN 

Plain  Street 
Bridge,  Lowei; 
L-15-2 

.  T 

Replace  or  substantially 
rehabilitate  Plain  Street 
Bridge  over  ConRail  tracks 

Project  I.D.#:  056550 

1 

ITa/lofal  ROCi 
f  cQcLax  o\j\j 

State  200 
Local 

MDPW 

Total  1000 

At^t-  <tr4  *'-%w  RECON 
Act ivicy 

Gray  Street 
Bridge 
Billerica 
B-12-12 

T 

Total  bridge  replacement 
Project  I.D.#:  029449 

1 

reaeraj.  goo 
State  200 
Local 

MDPW 

T  .  1  1000 
Total 

Activity  KnL.UIN 

Andover  Road 
Bridge 
Billerica 
B- 12-13 

T 

Total  bridge  replacement 
Project  I.D.#:  002001 

1 

Federal 

State  200 
Local 

MDPW 

Total  1000 

Activity  recON 

Federal 

State 

Local 

Total 

Activity 

29 


$  $  $  Si 


Federal  80i 
State  20" 
Local 


BRIDGE  REPLACEMENT/REHABILITATION 


3 


Facility.  - 
Conxmunity 


Project  Description 


Regional 
Priority 


Source 
of 

Funds 


Est. 
Cost 
(000' s) 


Imple- 

mentin( 

Agency 


Aiken  Street 
Bridge  Lowell 
L-lS-20 


Bridge  reconstruction 


Federal 
State 
Local 
Total 


4000 
1000 


5000 


Project  I.D.#:  000910 


Activity 


RECON 


Pollard  Street 
Bridge 
Billerica 
B-12-S 


Bridge  reconstruction 


Federal 
State 
Local 
Total 


1440 

360 


1800 


Project  I.D.#:  058020 


Activity 


RECON 


liDPW 


t4DPW 


Permanent 
river  cross- 
ing over 
Merrimack 
River  Lowell 


New  bridge  across  Merrimack 
River 


Federal 
State 
Local 
Total 


36000 
9000 


45000 


Project  I.D.# 


103000 


Activity 


CON 


MDPW 


Phineas 
Street  Bridge 
Dracut 
D-11-5 


Complete  replacement  of  existing 
bridge  and  related  approach 
roadway- 


Federal 
State 
Local 
Total 


960 

240 


1200 


Project  I.D.#:  021110 


Activity 


RECON 


MDPW 


Route  111/119 
Bridge 
Pepperell 
P-6-1 


Reconstruct  bridge  over  Nashua 
River 


Federal 
State 
Local 
Total 


640 
160 


800 


Project  I.D.#:  029910 


Activity 


RECON 


MDPW 


30 


Federal 

State 

Local 


80% 
20% 


BRIDGE  REPLACEMENT/ REHABILITATION 


Fi 


Facility.  - 
Comniunity 

Project  Description 

Regional 
Priority 

Source 
of 

Fund  s 

Est . 

Cost 

1  r\t\f\ ^  r-\ 

vuuu  s^ 

Imple- 
menting 
Agency 

Brown  Street 
Bridge 
Billerica 
B-12-14 

Total  bridge  replacement 

1 

r  eaerai 

State 

Local 

800 
200 

MDPW 

Total 

1000 

T 

Project  I.D.#:  009549 

ACL  i V ity 

CON 

Princeton 
Street  (Route 
3A)  Bridge 
Chelmsford 
C-8-3 

Bridge  reconstruction 

2 

State 
Local 

67  ^ 
22. S 

Total 

90 

T 

Project  I.D.#:  109800 

acl  XV ity 

CON 

School  Street 
Bridge 
Lowell 
L-15-10 

Replace  School  Street  Bridge 
over  Railroad  tracks  and  Canal 

1 

r  cucLo  J. 

State 

Local 

1600 
400 

MDPW 

Total 

2  000 

T 

Project  I.D.#:  127751 

acliv ity 

CON 

Concord  Road 
Bridge  over 
Route  3 
Billerica 
B-12-21 

Replace  bridge  decking  on  Concord 
Road  Bridge  over  Route  3 

1 

Federal 

State 

Local 

280 
70 

MDPW 

Total 

350 

T 
1 

Project  I.D.ff  016430 

Activity 

CON 

Kiver  otreet 
Bridge 
Westford 
W-26-10 

Replace  River  Street  Bridge 
over  BSM  Railroad 

1 

r  ea  era  j. 

State 

Local 

200 

MUrW 

Total 

1000 

Project  I .D. #060950 

Activity 

CON 

31 


Federal  90% 
State  10% 
Local 


HAZARD  ELIMINATION 


Facility.  - 

Community 


Project  Description 


Regional 
Priority 


Source 
of 

Funds 


Est. 
Cost 
(OOP's) 


Five  inter- 
section 
improvements 
Lowell 


Signal  installations  and  re- 
lated geometric  improvements 
at  the  following  five  inter- 
sections : 

1.  Aiken  Street/Lakeview  Avenue 

2.  Pine  Street/Stevens  Street 

3.  Westford  Street/Pine  Street 

4.  Westford  Street/Stevens  St. 

5.  Aiken  Street/W. Sixth  Street 

Project  I.D.#:  025705 


Federal 
State 
Local 
Total 


Activity 


348.3 
38.7 

387 


PE 


Federal 
State 
Local 
Total 


Activity 


Federal 
State 
Local 
Total 


Activity 


Federal 

State 

Local 

Total 

Activity 


32 


Federal  75% 
State  25% 
Local 


Facility.  - 
Coomunity 

Project  Description 

Regional 
Priority 

Source  Est. 
of  Cost 
Funds                (000' s') 

Imple- 
ment ing 
Agency 

Route  3 
Billerica, 
Chelmsford, 
Lowell 

T 

Route  3  Add-A-Lane  Project 
from  Route  128  to  New  Hampshire 
State  line 

(Burlington  to  Billerica  - 
Phase  I      Billerica  to  New 
Haiftpshire  -  Phase  II) 

Project  I.D.#:  107700 

1 

Federal  45000 
State  15000 
Local 

MDPW 

Total  60000 

Activity 

Route  3 

Chelmsford, 

J  ^  Q    "Fa  *pH 

Tyngaborough 

Resurface  from  Route  4  inter- 
change (Drum  Hill  Rotary)  to 
the  New  Hampshire  State  line 

Project  I.D.#:  108570 

1 

Federal  727^ 
State  2425 
Local 

MDPV; 

Total  9700 

Activity  j^gyj^ 

> 

r  CO  ciTa X 

State 

Local 

Total 

L  X  V  X  U 

State 
Local 

Total 

Activity 

f  ea  erax 

State 

Local 

Total 

Activity 

CONSOLIDATED  PRIMARY 
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COMMUNITY  MAPS  -  PROJECT  LOCATIONS 
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s  s  s  c 

Federal 
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Capital  Operating 
80%  50% 
10%  25% 
10%  25% 


SECTION  9  FY  '90 


Facility  - 
Community 


Project  Description 


Regional 
Priority 


Source 
of 

Funds 


Est. 
Cost 
(OOO's) 


Imple- 
menting 
Agency 


Operating 
Assistance 

LRTA 


Improve  and  maintain  fixed 
route  bus  service  and  special 
services  to  the  elderly  and 
handicapped. 


Federal 
State 
Local 
Total 


1,050 
525 
525 


LRTA 


2, 100 


Activity 


Capital 
Assistance 

LRTA 


Bus  and  bus  related  facilities 
Paige  Street  Transit  Center 
improvements 


Federal 
State 
Local 
Total 


LRTA 


.5 
.5 


Activity 


Planning 
Assistance 

LRTA 


Planning  assistance  contract 

with  NMAC 
(To  be  included  in  Unified 
Transportation  Planning  Work 
Program) 


Federal 

State 

Local 

Total 

Activity 


41 


10.3 


LRTA 


51.3 


Federal 

State 

Local 

Total 

Activity 


51 


$  $  s  $ 

Federal  75% 

Scace  12.5% 

Local  12.5% 


SECTION  3    FY  '90 


m 


Facility  - 
Conr.unity 


Project  Description 


Regional 
Priority 


Source 
of 

Fund  s 


Est . 

Cost 
(000*  s) 


Capital 
LRTA 


Bus  and  bus  related  equipment 
Emergency  replacement  22  transit 
vehicles  manufactured  by  TMC 
with  40  ft.  heavy  duty  lift 
equipped  transit  vehicles 


Federal 
State 
Local 
Total 


Activity 


3,500 

550 
550 

4,400 


Federal 
State 
Local 
Total 


Act  ivity 


Federal 
State 
Local 
Total 


Activity 


Federal 

State 
Local 
Total 


Activity 


Fed  oral 

State 

Local 

Total 

Activity 
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$  $  $  $ 


Federal  75% 

State  12.5%  SECTION  3(a)(1)(C) 

Local  12.5% 


Facility  - 
Cor::nunity 

Project  Description 

Regional 
Priority 

Sourc e              Es t . 

of  Cost 
Funds                  (000' s) 

Imple- 
menting 
Agency 

Demonstration 
Program 

LRTA 

Methanol  conversion  of  diesel 
buses  testing  and  demonstration 
program. 

Conversion  kits,  fueling 
facilities,  maintenance, 
training,  fuel,  etc.,  for  three 
diesel  buses 

1 

Federal  ^Qg 
State  18 
Local  18 

LRTA 

144 

To  t  a  1 

Act  ivity 

- 

Federal 
State 

Local 

To  t  a  1 

Activity 

Fod  cral 

State 

Local 

To  t  a  1 

Activity 

Federal 

State 

Local 

Total 

Activity 

Fed  era 1 

State 

Local 

Total 

Act  ivity 
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s  s  s  s 

Federal 

State 

Local 


Capital  Operating 


10% 
10% 


50^ 
25^ 


SECTION  9  FY  '91 


FE 


Facility.  - 
Community 


Project  Description 


Regional 
Priority 


Source 
of 

Funds 


Est. 

Cost 
(OOO's) 


Imple- 
menting 
Agency 


Operating 
Assistance 

LRTA 


Improve  and  maintain  fixed 
route  bus  service  and  special 
services  to  elderly  and 
handicapped 


Federal 
State 
Local 
Total 


1,100 
550 
550 


2,200 


Activity 


LRTA 


Capital 
Assistance 

LRTA 


Bus  and  bus  related  facilities 
Spare  parts 


Federal 
State 
Local 
Total 


Activity 


40 
10 

10 


50 


LRTA 


Planning 
Assistance 

LRTA 


Planning  assistance  contract 
with  NMAC. 

(To  be  included  in  Unified 
Transportation  Planning  Work 
Program) 


Federal 
State 
Local 
Total 


Activity 


50 


12.5 


62.5 


LRTA 


Federal 
State 
Local 
Total 


Activity 


Federal 

State 

Local 

Total 

Activity 
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PRIVATE  SECTOR  PARTICIPATION 


The  LRTA  demonstrates  a  long  history  of  involving  the 
private  sector  in  the  provision  of  LRTA  services. 

The  LRTA  has  operating  contracts  with  the  following  private 
bus  operators  in  this  area: 

LoLaw  Transit  Management,  Inc. 
Leasing  Systems  Development  Corporation 
Blanchard  Charter  Service,  Inc./Laidlaw 
Ronald  H.  Rajaniemi  Company 

These  contractors  participate  actively  in  the  LRTA  capital 
planning  process. 

The  Northern  Middlesex  Metropolitan  Planning  Organization 
(MPO)  which  includes  both  the  LRTA  Advisory  Board  and  the 
Northern  Middlesex  Area  Commission  has  adopted  a  "Private  Sector 
Policy"  consistent  with  UMTA  requirements  as  set  forth  in  the 
Federal  Register  October  22,  1984.     The  policy  was  formally 
adopted  March  26,  1987. 

It  is  part  of  this  policy  to  circulate  the  TIP  and  all  other 

MPO  Certification  Documents  to  "Private  Sector"  transportation 

providers  in  the  area.     A  list  of  these  providers  is  included  at 

the  end  of  this  section.     Both  the  TIP  and  the  UWP  have  been 

circulated  to  this  list  during  the  previous  fiscal  year.  There 

are  no  new  services  or  service  proposals  contained  in  this  TIP 

and  therefore  no  opportunities  for  increased  private  sector 

involvement  or  proposals  to  be  solicited. 

During  FY  '87,   however,   in  accordance  with  the  UMTA  policy 
of  opening  existing  contracts  to  competition  the  LRTA  put  out  to 
competitive  bidding  its  entire  E&H   (Road  Runner)  operation.  In 
addition  management  services  for  fixed  route  operations  were 
competitively  bid  in  the  Fall  of  1987.     During  this  process  no 
impediments  to  private  sector  involvement  have  been  made  appar- 
ent.    No  private  sector  complaints  have  been  received.     LRTA  is 
currently  operating  on  five  year  contracts  for  fixed  route  and 
E&H. 

The  planning  task  relating  to  "Private  Sector  Involvement" 
included  in  the  FY  1988  Unified  Transportation  Planning  Work 
Program  (UWP)  funded  both  by  UMTA  and  LRTA  has  been  continued  in 
the  FY  1989  UWP. 

Private  Sector  Capital  Investment  Strategies 

The  LRTA  continues  to  be  active  in  the  planning  and  develop- 
ment of  a  public/private  joint  venture  project  involving  a 
satellite  bus  facility/pedestrian  access  on  Authority  owned  land 
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immediately  adjacent  to  the  Charles  A.  Gallagher  Transportation 
Terminal,     Land  acquisition  is  complete,  an  RFP  for  architectural 
services  for  the  public  portion  and  an  RFP  for  a  private 
developer  have  been  distributed.     An  architect  for  the  public 
portion  and  a  developer  for  the  private  portion  have  been 
selected.     The  architect  for  the  public  portion  is  under  contract 
with  LRTA  and  a  MOU  has  been  signed  between  LRTA  and  the  private 
developer  preparatory  to  a  contract.     Initial   site  work  is 
complete  and  contract  negotiations  with  private  developer  will 
proceed  pending  selection  of  tenants  and  funding.     State  environ- 
mental approval  and  funding  are  pending. 

Both  public  and  private  interests  were  represented  on  the 
planning  committee  for  this  project.     The  committee  was  chaired 
by  the  director  of  the  Lowell  Plan,  representing  the  interests  of 
private  sector  commercial  and  industrial  enterprises  in  Lowell. 
Additional  members  represent  the  LRTA,  the  Chambers  of  Commerce 
Northern  Middlesex,  City  of  Lowell   (City  Manager's  Office  and  the 
Division  of  Planning  and  Development)  the  Commonwealth  of 
Massachusetts  Division  of  Capital  Planning  and  Operations  (DCPO). 
Other  resources  available  to  the  committee  and  attending  most 
meetings  are  the  Commonwealth  of  Massachusetts  EOTC,  LoLaw 
Transit  Management   (LRTA's  largest  private  operator),  NMAC,  and 
UMTA.     The  planning  studies  that  have  gone  into  the  preparation 
of  this  project  are  listed  on  Page  2  of  this  TIP.     At  this  stage 
of  the  project  private  interests  are  represented  by  the  private 
developer.  Fryer  Group.     Biweekly  project  meetings  are  conducted 
between  LRTA  and  Fryer  Group  to  track  project  progress  and 
develop  contractual  agreements. 

Financial  Capacity: 

The  LRTA  reviews  its  financial  capacity  annually  relative  to 
the  availability  of  Federal  funds.  State  funding,  and  local 
assessment.     Federal  funding  involves  the  availability  of  UMTA 
Section  9  apportionments,  carryover  funding,  and  funds  that  may 
be  de-obligated  from  previous  grants  for  capital,   planning  and 
operating  assistance.     State  funding  is  available  to  LRTA  to 
match  Federal  Capital  and  operating  assistance.     Additional  State 
"contract  assistance"  funding  is  available  from  time  to  time 
primarily  for  assistance  to  capital  projects.     Member  communities 
are  assessed  for  local  share  based  on  service  received.  The 
level  of  assessment  to  member  communities  is  limited  to  increase 
only  2.5%  per  year  under  Massachusetts'   Proposition  2  1/2.  Local 
assessments  are  used  to  match  Federal  capital  and  operating 
funds.     The  Northern  Middlesex  Area  Commission  (NMAC)  provides 
local  match  for  planning  activities  in  which  it  participates. 

The  present  LRTA  Administration,  which  started  in  1983,  has 
instituted  an  improved  program  of  monitoring  capital  and 
operating  expenses  through  monthly  status  reports.  Additional 
projections  and  analysis  are  done  at  the  time  of  budget  prepara- 
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tion.     As  a  result,   LRTA  has  been  able  to  keep  operating  expenses 
within  Proposition  2  1/2  and  to  reduce  the  amount  that  needs  to 
be  borrowed  in  anticipation  of  revenues.     Borrowing  has  been  cut 
from  $3,600,000  in  FY  '82  to  $2,500,000     in  FY  '88.     The  savings 
in  interest  through  this  sound  fiscal  management  have  been 
substantial.     An  additional  benefit  to  this  strong  financial 
position  has  been  aggressive  bidding  by  banks  for  this  borrowing, 
resulting  in  improved  interest  rates. 

The  $1.34  million  of  federal  money  is  leveraging  $1.34  of 
State  EOTC  Capital  Assistance  Program  money,  $540,000  local 
share,   $380,000  private  contributions,  2.5  million  MBTA  Bond 
Issue  money  and  $2.5  million  Mass  Off-Street  Parking  money  for  a 
total  of  8.6  million  for  the  public  portion  of  the  project  which 
will  generate  an  additional  $8.2  million  of  private  investment. 

This  public/private  partnership  will,  in  turn,  generate  an 
estimated  $250,000  in  revenue  annually  for  LRTA  to  the  direct 
benefit  of  local  transit  operations.     In  addition,  a  second  phase 
involving  $14  million  in  private  capital  and  basically  no  invest- 
ment by  LRTA,   is  in  the  preliminary  planning  stage.     This  project 
will  also  result  in  additional  revenue  to  LRTA  and  MBTA  from  air 
rights  lease  payments. 

Because  of  this  revenue  generation  potential  the  project  is 
viewed  as  a  positive  investment  in  the  future  by  LRTA.  Federal 
capital  and  operating  revenues  will  be  stretched  tight  during  the 
next  two  years  but  not  to  the  point  of  affecting  service.  Upon 
completion,  however,   the  revenue  generated  by  the  private  portion 
of  the  project  will  permit  LRTA  to  maintain  its  present  level  of 
service  in  the  face  of  potentially  declining  operating  subsidies. 
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Private  Transportation  Providers  Operating  in  LRTA  Service  Area 


Bus  Lines 
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Lakeview  Avenue,  Tyngsborough 

649 

-9211 

Rajaniemi,  Inc.* 

368  Main  Street,  Townsend 
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-2687 

LoLaw  Transit  Management, 

inc* 
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McGinn  Bus  Company 

jD-Jo  Alley  Street,  Lynn 

c  Q  o 

D  y  z 

-U  lUU 

Charters/Rental s 

Andover-Lcwell  Mr.  Rent-A 

-Car 

Van  Service** 

650  Rogers  Street,  Lowell 

454 

-0760 

Bedford  Charter  Service** 

11  Railroad  Avenue,  Bedford 

275- 

-9524 

Shaughnessy  FL,  Inc.** 

489  Boston  Road,  Billerica 

667 

-8244 

Buckingham  Bus  Service 

Station  Avenue,  Groton 

448 

-6057 

Fiore  Bus  Service 

1480  Broadway,  Dracut 

453 

-1932 

Blanchard  Transit  Service 

555  Whipple  Road,  Tewksbury 

851- 

-9863 

Dunbar  Bus  Company 

Tyngsborough,  MA 

251 

-7445 

S&S  of  New  England,  Inc. 

716  Middlesex  Street,  Lowell 

454- 

-8073 

S  abr  i  na  Com  pa  ny 

2178  Bridge  Street,  Dracut 

441 

-0200 

*  Under  contractual  agreement  with  LRTA 

**  Sent  only  letter  detailing  policies  regarding  private  agencies  and 
transit.     Documents  will  be  sent  upon  request. 
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Taxi  Service 


Provider 


Address 


Tel ephone 


Community  Cab 
Harlcw  Cab 
A&L  Taxi 

Diamond  Yellcw  Cab 
Chelmsford  Town  Taxi 
Fred' s  Taxi 
Billerica  Taxi 
TWC  Limo  and  Taxi 
American  Taxi 


117  Main  Street,  Pepperell 
19  West  Street,  Pepperell 
115  Congress,  Lowell 
50  Payne  Street,  Lcwell 
Nor  th  Ch  el  msf  or  d 
42  Crimson  Road,  Billerica 
1  Edgbaston  Street,  Billerica 
33  Nabnasset  Street,  Westford 
75  Great  Road,  Acton 


433-9944 
433-8370 
454-5661 
458-6861 
251-8858 
667-2300 
663-8222 
692-8880 
263-7467 
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CERTIFICATION  OF  3C  TRANSPORTATION  PLANNING  PROCESS 


In  accordance  with  the  FHWA/UMTA  Urban  Transportation 
Planning  Final  Rule,  dated  June  30,  1983,  the  Metropolitan 
Planning  Organization  (MPO)  for  the  Northern  Middlesex  Urbanized 
Area  has  completed  its  review  and  hereby  certifies  that  the 
conduct  of  the  3C  Transportation  Planning  Process  complies  with 
the  requirements  of  CFR  450.114   (c) ;  and  that  said  process 
includes  activities  to  support  the  development  and  implementation 
of  this  Transportation  Improvement  Program  (TIP) ,  the  Transpor- 
tation Plan,  and  subsequent  project  development  activities,  as 
necessary  and  to  the  degree  appropriate. 

CERTIFICATION  OF  PRIVATE  ENTERPRISE  PARTICIPATION 
TRANSPORTATION  PLANNING  PROCESS 
The  Metropolitan  Planning  Organization  (MPO)  for  the 
Northern  Middlesex  Urbanized  Area  hereby  certifies  that  the  local 
process  for  the  involvement  of  the  private  sector  in  the  trans- 
portation planning  activity  has  been  followed. 
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INTRODUCTION 


Based  on  regulations  promulgated  by  the  Department  of 
Transportation  (DOT),  any  transportation  project  funded  through 
the  Federal  Highway  Administration  (FHWA)  or  the  Urban  Mass 
Transportation  Administration   (UMTA)  must  be  listed  in  the 
appropriate  region's  Transportation  Improvement  Program  (TIP). 
Without  such  a  listing.  Federal  Highway  funds  cannot  be  expended 
by  the  Massachusetts  Department  of  Public  Works   (MDPW)  on  local 
or  State  projects.     Similarly,  the  Lowell  Regional  Transit 
Authority   (LRTA)  can  only  receive  Federal  funds  for  projects 
listed  in  the  TIP  of  the  Northern  Middlesex  Metropolitan  Planning 
Organization. 

The  principal  object  of  this  mandatory  TIP  listing  is  the 
provision  of  an  additional  point  for  public  access  to  and  review 
of  the  transportation  planning  process. 

TIP  Organization 

The  TIP  divides  projects  between  two  time  frames;  the  Annual 
Element   (AE)  and  the  Future  Element   (FE) .     Listed  on  the  Annual 
Element  are  all  the  projects  proposed  for  implementation  in  the 
current  fiscal  year.     All  other  projects  are  generally  considered 
to  be  not  more  than  four  years  distant  from  entering  the  Annual 
Element  and  are  thus  listed  in  the  Future  Element. 

Each  element  is  subdivided  so  as  to  list  separately  individ- 
ual projects  under  their  appropriate  funding  category.  Projects 
within  each  funding  category  are  ranked  by  NMAC  member  community 
officials  and  citizens  according  to  the  locally  perceived  value 
of  a  project  meeting  regional  transportation  needs.     This  prior- 
ity ranking  is  non-binding  on  the  MDPW  project  implementation 
scheduling  process.     The  ranking  does,  however,  provide  the  MDPW 
with  important  local  input  regarding  the  relative  value  of 
individual  projects  within  a  given  funding  category. 

TIP  Development  Process 

The  TIP  is  a  requirement  of  the  Federally  mandated  transpor- 
tation planning  process.     This  process  is  carried  out  under  the 
authority  of  the  Northern  Middlesex  Metropolitan  Planning 
Organization   (NMMPO)  which  reviews  and  endorses  all  required 
documents,  and  consists  of:     the  Chairman  of  the  Northern 
Middlesex  Area  Commission   (NMAC) ,  the  Chairman  of  the  Lowell 
Regional  Transit  Authority   (LRTA),  the  Secretary  of  the 
Massachusetts  Executive  Office  of  Transportation  and  Construction 
(EOTC)  and  the  Commissioner  of  the  Massachusetts  Department  of 
Public  Works   (MDPW).     The  staff  of  NMAC  acts  as  planning  staff  to 
the  NMMPO.     Under  this  arrangement  NMAC  produced  the  current  TIP. 
The  TIP  is  based  on  projects  listed  in  the  preceding  year's  TIP 
updated  with  current  project  listings  provided  by  NMAC  member 
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communities,  the  LRTA,  and  the  MDPW.     Priorities  for  each  Annual 
Element  project  are  suggested  by  NMAC  staff,  and  submitted  to 
member  communities  for  their  review.     Following  local  review,  the 
TIP  is  submitted  to  the  NMMPO  signatories  for  their  official 
endorsement.     Local  review  includes  distribution  of  the  draft 
document  to  private  transit  providers  in  the  area  according  to 
NMAC  Private  Sector  Involvement  Policy. 

As  NMAC  is  the  official  areawide  clearinghouse  for  Inter- 
governmental Review  under  Executive  Order  12372,  NMAC's  endorse- 
ment of  the  TIP  represents  regional  approval  under  the  Federal 
Project  Review  System  for  all  projects  listed  on  the  current 
tip's  Annual  Element.     This  review  also  satisfies  Statewide 
Intergovernmental  Review  requirements  as  set  forth  by  Executive 
Office  of  Communities  and  Development  Memorandum  of  July  18, 
1986. 

TIP  Relationship  to  NMAC  Comprehensive  Transportation  Plan 

The  Comprehensive  Transportation  Plan   (CTP)  covers  a  period 
of  five  to  ten  years  and  is  updated  as  needed.     The  overall 
transportation  goals  and  policies  articulated  in  the  CTP  ensure 
that  individual  projects  are  considered  within  the  context  of 
established  regional  goals,  as  required  by  Federal  regulation. 

The  TIP  provides  access  to  the  funding  necessary  to  trans- 
form the  CTP's  policies  and  goals  into  finalized  projects.  Many 
TIP  Annual  Element  projects  are  drawn  directly  from  the  CTP.  In 
addition  to  being  drawn  from  the  CTP,  transit  projects  may  be 
derived  from  special  studies  and  routine  capital  equipment 
replacement  schedules.     The  Gallagher  Terminal  addition  (expan- 
sion of  Gallagher  Terminal  to  include  a  satellite  bus  facility 
and  improved  pedestrian  access)   is  an  example  of  this  process. 
Special  studies  have  included  Development  and  Use  Potential  of 
the  Gallagher  Terminal,  An  Overview,  NMAC,   Fall  1981,  LRTA 
Proposed  Satellite  Bus  Facility  and  Pedestrian  Access  on  Land 
Adjacent  to  Gallagher  Terminal,  NMAC,  September  198  4,  Feasibility 
Studvt  Charles  A.  Gallagher  Transportation  Terminal  Expansion, 
Satellite  Facility/Pedestrian  Access,  NMAC,  October  1987,  Office 
Market  Opportunities,  Gallagher  Transportation  Terminal  Site, 
Hammer  Siler  George  Associates,  Parking  Analysis  Charles  A. 
Gallagher  Transportation  Terminal  Expansion,  NMAC,  1989. 

TIP  Position  in  Project  Funding  Sequence 

Perhaps  one  of  the  most  common  misconceptions  regarding 
highway  project  funding  involves  the  relationship  between  project 
listing  on  the  TIP  and  the  assurance  of  funding  for  project 
construction. 

The  fact  is  that  a  highway  project  listing  on  the  TIP  does 
not  in  any  way  constitute  a  financial  commitment  to  construct  a 
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given  project.     Rather,  TIP  listing  is  simply,  but  importantly, 
one  more  step  in  the  implementation  process.     This  process 
requires,  by  regulation,  that  to  be  funded  for  construction,  all 
projects  must  be  listed  on  the  TIP  Annual  Element.     However,  not 
all  projects  listed  on  the  TIP  must  be  funded  for  construction. 
In  practice  during  any  given  year,  more  projects  are  listed  in 
the  Annual  Element  than  there  are  available  construction  funds. 

Deciding  which  projects  are  funded  is  the  responsibility  of 
the  MDPW,     Some  of  the  criteria  applied  in  this  decision  making 
process  are  regional  priority,  project  cost,  length  of  construc- 
tion period  and  how  a  given  project's  completion  affects  the 
MDPW's  overall  transportation  system  improvement  program. 

Transit  projects  are  also  placed  on  the  TIP  prior  to  and  as 
a  necessary  condition  for  commitment  of  funds  by  the  Urban  Mass 
Transportation  Administration   (UMTA) .     The  LRTA  includes  the 
projects  in  the  Annual  Element  on  its  annual  Section  9,  or  other 
funding  program,  grant  applications  to  UMTA.     Actual  funding  is 
then  determined  by  UMTA  based  on  available  funds  and  justifi- 
cation for  the  projects  included  in  the  grant  application.  As 
with  highway  projects,  more  projects  may  be  programmed  on  the  TIP 
than  annual  UMTA  apportionments  can  accommodate.     In  these  cases 
final  priorities  are  set  at  the  time  grant  applications  are  filed 
and  alternate  funding  avenues  or  methods  are  sought  through  the 
LRTA's  ongoing  financial  planning  activities. 
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TIP  AIR  QDALITY  ANALYSIS/CONSISTENCY  STATEMENT 
Introduction 

To  ensure  that  projects  originating  through  the  transpor- 
tation planning  process  in  the  NMAC  region  are  consistent  with 
the  State  Implementation  Plan   (SIP)   for  air  quality,  an  analysis 
of  the  Transportation  Improvement  Program  (TIP)   is  required. 
This  analysis  is  mandated  only  for  those  projects  listed  on  the 
TIP  Annual  Element. 

Within  the  Annual  Element  two  main  categories  of  projects 
require  analysis:  those  which  will  affect  existing  vehicular 
speed,  delay  or  usage,  and  those  projects  which  are  termed  major 
action  projects. 

Projects  in  the  first  category  are  analyzed  because  of  their 
bearing  on  the  relationship  between  engine  operation  and  mobile 
source   (vehicular)  pollution. 

Engine  Operation  and  Pollution 

Briefly  put,  every  time  a  vehicle  engine  is  operated,  it 
produces  some  degree  of  pollution.     The  degree  of  pollution  is  a 
function  of  engine  operation  as  measured  by  speed  in  miles  per 
hour   (MPH) .     Generally,  as  vehicle  speed   (MPH)   increases,  engine 
pollution  decreases.     Consequently,  the  larger  the  percentage 
increase  in  speed,  the  greater  the  reduction  in  pollutants.  Thus 
a  5  MPH  increase  from  30  MPH  to  35  MPH  produces  a  larger  absolute 
emission  reduction  than  a  5  MPH  increase  from  50  MPH  to  55  MPH. 

Projects  Which  Change  Speed »  Delay >  Dsage; 

o        Speed  -  Generally   (though  not  exclusively),  projects 

which  increase  the  operating  speeds  of  a  given  roadway 
do  so  by  increasing  its  capacity.     Increased  capacity  - 
the  ability  of  a  roadway  to  accommodate  more  vehicles 
at  one  time  -  results  from  widening  the  existing 
roadway.     Thus  projects  which  involve  widening  a 
roadway  are  analyzed. 

o        Delay  -  Because  there  is  no  clean  phase  of  engine 
operation,  engine  idling,  termed  vehicle  delay  or 
simply  delay,  is  a  significant  contributing  factor  to 
mobile  source  pollution.     Typically,  signalizat ion 
projects  have  a  direct  bearing  on  the  amount  of  delay 
at  a  given  location.     For  that  reason,  signalizat ion 
projects  on  the  Annual  Element  are  analyzed. 

o        Usage  -  Because  once  in  operation  a  vehicle  engine  is 
constantly  producing  pollution,  any  project  which 
influences  the  amount  of  vehicle  usage  has  a  direct 
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impact  on  air  quality.     Therefore!  projects  such  as 
park  and  ride  lots  and  new  transit  service  which 
influence  use  are  analyzed. 

Major  Action  Projects 

The  second  category  of  projects  included  in  this  analysis 
are  those  which,  due  to  project  nature  and/or  scope,  require,  by 
law,  that  an  Environmental  Impact  Statement   (EIS)  ,  Environmental 
Impact  Review  (EIR)  or  Finding  of  No  Significant  Impact  (FONSI) 
be  conducted.     These  studies  document  a  given  project's  impact  on 
various  systems  and  elements  one  of  which  is  air  quality. 

This  consistency  analysis  takes  note  of  all  major  action 
projects  listed  on  the  Annual  Element.     Following  completion  of 
these  projects'  respective  reportSr  NMAC  will  examine  the 
appropriate  air  quality  data  and  include  it  in  this  analysis. 
Each  annual  project  which  fulfills  any  of  the  above  definitions 
is  labeled  as  having  Air  Quality  Significance  in  its  TIP  project 
description. 

Methodology 

Each  project  analysis  utilizes  the  methodology  developed  by 
the  DEQE  and  MDPW  and  endorsed  by  the  Air  Quality  Task  Force. 
Within  each  analysis  the  following  factors  were  employed: 

o        ADT  -  Existing  ADT  is  factored  from  base  year  data  to 
the  appropriate  study  year. 

o        Emission  factors  -  all  factors  are  from  EPA  Mobile  II. 

o        1987  emission  factors  are  adjusted  annually  using  the 
.86  adjustment  factor  to  reflect  1990  conditions  as 
suggested  by  DEQE  in  its  August  31,  1987  memo  on  TIP 
Analysis  Technical  Guidance. 

o        Default  noncatalytic/cold/hot  start  of  20.6%/27.3%/ 
20.6%. 

o        75°  F  ambient  temperature. 

o        All  emission  totals  expressed  in  kilograms.     Note  453.7 
grams  =  1  pound  while  1,000  grams  =  1  kilogram. 

The  results  of  the  analysis  described  above  are  illustrated 
in  Table  1. 
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TABLE  1 

NMAC  FY  1991  TIP  A.E.  AIR  QUALITY  FINDINGS 


Community 


Proj  ect 


Funding  Category 
Cost 


Change  in  Non-Methane 
Hydrocarbon  Per 
Ozone  Season* 
1990 


Biller ica 


Route  3A 
Signal iza- 
tion 

Proj  ect s 


Urban  Systems 

Statewide 

$1,250,000. 


+89.71  kg 


Westf ord 


Route  110/ 
Minott 's 
Corner 


Rural  Secondary 
$1,500,000. 


+10.31  kg 


Conclusion 

This  analysis  of  the  NMAC  FY  1991  TIP  reveals  that  the  two 
signal  improvement  projects  proposed  for  Route  3A  in  Billerica 
and  the  Minott' s  Corner  improvements  in  Westf ord  have  the  poten- 
tial to  increase  non-methane  hydrocarbons  by  100.2  kg  in  1991. 


*  Ozone  Season  =  180  days 
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DESCRIPTION  OP  FUNDING  CATEGORIES 


The  explanations  which  follow  outline  the  basic  uses  and 
requirements  of  each  funding  category  utilized  in  this  TIP. 
Specific  information  related  to  a  particular  roadway's  eligi- 
bility for  these  funds  can  be  provided  by  NMAC   (454-8021)  or  the 
MDPW  District  4  Office   (648-6100).     Questions  regarding  UMTA 
funding  are  best  directed  to  the  LRTA  (459-0164). 

Highway  Funding 

o    Interstate  -  Finances  construction  projects  on  the 
Interstate  System  regardless  of  the  urban  or  rural  nature  of  a 
project's  location.     The  NMAC  region  has  sections  of  two  oper- 
ating Interstate  facilities,  1-495  and  1-93,  within  its  bound- 
aries. 

Funding:     Federal  90%/State  10%. 

o    Interstate  Resurfacing,  Restoration,  Rehabilitation  and 
Reconstruction   (I-4R)   -  Contributes  to  financing  the  major 
maintenance  requirements  of  the  Interstate  System. 

Funding:     Federal  90%/State  10%. 

o    Urban  Systems  -  Finances  construction  and  maintenance 
projects  on  Urban  System  roadways  such  as  the  Middlesex  Turnpike 
and  the  Lowell  Connector.     Typically,  Urban  System  facilities  are 
owned  by  local  communities  and  are  high  traffic  volume  arterials 
or  collectors  situated  in  urban  areas.     For  highway  planning 
purposes,  the  MDPW  designates  which  sections  of  the  highway 
network  are  urban  or  rural. 

Funding:     Federal  75%/State  25%/Local  100%  of  design  costs. 

o    Consolidated  Primary  -  Finances  construction  and  mainte- 
nance projects  on  roadways  such  as  Route  3,  which  are  usually 
rural  arterials  inclusive  of  their  urban  extensions.     Again  the 
MDPW  (with  the  approval  of  DOT)  establishes  which  roads  make  up 
the  Primary  System.     Generally,  the  entire  Primary  System  is 
State  owned. 

Funding:     Federal  75%/State  25%. 

o    Rural  Secondary  -  Finances  construction  and  maintenance 
projects  on  roadways  such  as  Route  113  in  Dunstable  which  are 
major  collector  routes  located  in  areas  deemed  rural  by  the  MDPW. 

Funding:     Federal  75%/State  25%. 
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o    Highway  Bridge  Replacement  and  Rehabilitation  -  Finances 
the  replacement  or  maintenance  of  deficient  bridges  without 
concern  for  a  given  bridge's  urban  or  rural  setting.  Uniquely, 
these  funds  may  be  expended  on  any  highway  bridge  situated  on  a 
public  road  whether  on  or  off  the  Federal  Aid  System.  Projects 
such  as  replacement  of  the  School  Street  Bridge  in  Lowell  and  the 
High  Street  Bridge  in  Billerica  qualify  for  this  category. 

Funding:     Federal  80%/State  20%. 

o    Public  Works  Economic  Development   (PWED)  -  Finances 
roadway  projects   (such  as  construction  of  access  roads)  which 
will  directly  encourage  the  economic  developnent  of  the 
surrounding  area. 

Funding:     Program  does  not  specify  amounts  of  matching 
funds . 

o    Rail  Highway  Crossings  Program  -  Finances  projects  which 
eliminate  hazards  at  railroad  highway  crossings,  again  regardless 
of  the  urban  or  rural  character  of  a  project's  location.  Typi- 
cally, projects  which  meet  this  category's  requirements  are  grade 
separations  and  the  installation  of  flashing  lights  or  gates  or 
signs  at  rail-highway  crossings. 

Funding:     Federal  90%/State  10%. 

o    Safer  Off-Svstems  -  Finances  projects  to  upgrade  and 
reconstruct  non-toll  publicly  owned  roads  in  both  urban  and  rural 
areas  not  on  the  Federal  Aid  System. 

Funding:     Federal  75%/State  25%. 

o  State  Aid  -  Bikewavs  -  Finances  the  design,  construction 
or  reconstruction  of  bicycle  paths,  lanes  or  routes  in  either  an 
urban  or  rural  area. 

Funding:     State  75%/Local  25%,  which  may  be  provided  through 
in-kind  services. 
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Transit  Funding 


o    Section  Nine  (UMTA)  -  Finances  capital,  planning  and 
operating  expenses  for  LRTA  urban  service  areas.     Section  9  funds 
are  awarded  and  administered  by  UMTA. 

Funding  for  capital  expenses:     Federal  80%/State  10%/ 
LRTA  10%. 

Funding  for  planning  expenses:     Federal  80%/NMAC  20%. 

Funding  for  operations  expenses:     Federal  50%/State  25%/ 
LRTA  25%. 

o    Section  18   (UMTA)  -  Finances  capital  and  operating 
expenses  for  transit  operations  in  rural  areas.     In  Massa- 
chusetts, this  section  is  administered  by  the  Executive  Office  of 
Transportation  and  Construction  (EOTC) . 

Funding  for  operating  expenses:     Federal  50%/State  25%/ 
LRTA  25%. 

Funding  for  capital  expenses:     Federal  80%/State  10%/ 
LRTA  10%. 

o    Section  16(b)    (2)    (UMTA)  -  Finances  capital  expenses  for 
private  non-profit  organizations  to  provide  specialized  transit 
services  for  the  elderly  and  handicapped  populations.  These 
awards  are  approved  on  a  project  by  project  basis,  funding  only 
capital  expenses  for  the  acquisition  of  specific  types  of  vans 
and  base  station  equipment.     Section  16(b)    (2)  does  not  fund 
operating  expenses  under  any  conditions. 

Funding:     Federal  80%.     Private  non-profit  organization  20% 
paid  in  cash  with  non-Federal  funds. 


Annual  Element  Project  Totals  (Highway) 

Table  2  shows  the  total  annual  element  project  costs  by 
funding  category.     Estimated  funding  for  FY  '91  is  not  yet  avail- 
able, however,  based  on  past  years'   available  funding  levels, 
many  funding  categories  for  NMAC  TIP  project  totals  would  use  a 
large  percentage  of  funds  available  statewide.     This  fact  points 
to  the  extremely  competitive  nature  that  exists  in  funding 
highway  projects. 
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Category 

Urban  Systems 

Urban  Systems  Boston 

Highway  Bridge  Replacement 

and  Rehabilitation 
Interstate  Resurfacing 
Rural  Secondary 
Consolidated  Primary 
Hazard  Elimination 


TABLE  2 

Annual  Element  Project  Totals 

$1,250,000. 
3,200,000. 

9,300,000. 
3,000,000. 

870,000. 
4  ,500,000. 

340,000. 
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LEXICON 


The  terms  defined  below  are  used  throughout  the  Transpor- 
tation Improvement  Program  (TIP) . 


Activity  - 


Air  Quality  Significance   (AQS)  - 


Annual  Element   (AE)  - 


Future  Element   (FE)  - 


Implementing  Agency  - 


Proposal,  planning,  engineer- 
ing (PE) ,  right  of  way  (ROW) 
or  construction   (CON)  as 
appropriate  for  a  given 
project's  status. 

Indicates  a  project  which 
influences  vehicle  speed, 
delay  or  usage.  (Pg.6) 

TIP  section  listing  projects 
proposed  for  implementation 
during  the  current  Federal 
fiscal  year   (October  1st  to 
September  30th).     (Pg.  1) 

TIP  section  listing  projects 
expected  to  enter  the  AE 
within  the  next  four  fiscal 
years . 

Identifies  agency  or  agencies 
responsible  for  a  project's 
planning,  design  and  construc- 
tion. 


Regional  Priority  - 


Source  of  Funds  - 


lip  n  _ 


TSM  - 


Project  ranking  approved  by 
NMAC  communities  and  endorsed 
by  the  Committee  of  Signa- 
tories  (Pg.   1);  1-High;  2- 
Medium;  3-Low. 

Level  of  government (s )  - 
Federal,  State,  Local  - 
financing  a  project's  imple- 
mentation. 

"T"  notes  a  project  contained 
in  the  current  Comprehensive 
Transportation  Plan. 

Notes  a  project  which  employs 
Transportation  System  Manage- 
ment (TSM)  methods  to  solve  a 
transportation  problem. 
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INDEX 


HIGHWAY  PROJECTS 


Billerica 

Boston  Road/Treble  Cove  Road,  Bridge  Street, 

and  Webb  Brook  Road  Signals 
Middlesex  Turnpike 
Andover  Road  Bridge  . 
Gray  Street  Bridge 
Pollard  Street  Bridge 
Brown  Street  Bridge  . 
Concord  Road  Bridge  over  Route  3 
Route  3  Add-A-Lane 


Page  No. 


19 

20,  29 
22,  32 
22,  34 

22,  24 

23,  34 
24 

36 


Chelmsford 

Route  3  Resurfacing  . 

1-495  Bridges  .... 

Route  129  Reconstruction  . 

Princeton  Street   (Route  3A)  Bridge 

Route  3  Add-a-Lane 

1-495  Rest  Area. 


27 
27 
30 
34 
36 
36 


Dracut 

Phineas  Street  Bridge        ......       23,  33 

Dunstable  -  No  Projects 
Lowell 

School  Street  Bridge   (over  Northern  Canal) 

Plain  Street  Bridge  ...... 

School  Street  Bridge    (over  railroad  and  canal) 

1-495  Bridges  ....... 

Merrimack  Street,  Dutton  Street  and  Arcand  Drive 

Route  38/Rogers  Street  ..... 

Thorndike  Street  ...... 

Boylston  Street  Bridge  ..... 

Aiken  Street  Bridge  ...... 

Permanent  River  Crossing  ..... 

Intersection  Improvements  at:  Aiken  Street  and 
Lakeview  Avenue,  Pine  Street  and  Stevens  Street, 
Westford  Street  and  Pine  Street,  Westford  Street 
and  Stevens  Street,  Aiken  Street  and  West  Sixth 
StiiTO^t*         •         •         •         •         •         •         •         «  3S 

Route  3  Add-A-Lane     .         .         .         .         .         .  .36 


21,  32 
21,  32 

23 
27 
30 
30 
30 
33 
33 
33 


Pepper  ell 

Route  113  Railroad  Square. 
Route  Ill/Route  119  Bridge 


31 
34 
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Page  No 


Tewksbury 

Main  Street  Bridge     .......  22 

Tyngsborough 

Route  3  Resurfacing  .......  27 

Route  3  Add-A-Lane     .......  36 

Westf ord 

River  Street  Bridge  .......  23,  34 

1-495  Resurfacing       .......  25 

Route  110  Minott's  Corner.         .....  26 

Route  3  Resurfacing  .......  27 

Route  3  Add-A-Lane     .......  36 

TRANSIT  PROJECTS 

Page  No. 

FY  '91  Operating  Assistance  Bus        .....  51 

FY  '91  Capital  Assistance  -  Section  9       .         .         .  .51 

FY  '91  Planning  Assistance        ......  51 

FY  '91  Capital  Assistance  -  Section  3       .         .         .  .52 

Demonstration  Program  -  Methanol       .....  53 

FY  '92  Operating  Assistance  -  Bus     .....  55 

FY  '92  Capital  Assistance  ......  55 

FY  '92  Planning  Assistance        .         .         .         .         .  .55 
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$$$$$$ 

Federal  75$  X^E 

State  25$  URBAN  SYSTEMS  STATEWIDE 

Local  100$  of  design  costs  for  locally  owned  facilities 


Source 

Est.  laple- 

Facll Ity  - 

Regional 

of 

Cost  nentlng 

Conmun Ity 

Project  Description 

Priority 

Funds 

(000»s)  Agency 

Boston  Road/ 

Traffic  signals  at  Boston  Road 

1 

Federal 

937.5    RE  by 

Route  3A 

and  Treble  Cove  Road,  Boston 

Town 

Bl  1  lerlca 

Road  and  Bridge  Street,  Boston 

State 

312.5 

Road  and  Webb  Brook  Road 

CON 

A.Q.S. 

(Design  work  complete) 

Loca  1 

by 

Project  1 .D.#:  006820 

MDPW 

T 

Total 

1250 

Activity  CON 


19 


FacI I Ity  - 
Co— lunlty 

BI  I  lerlca, 
Bur  I  i  ngton, 
Bedford 


$$$$$S 

Federal 

State 

Local 


75$ 

25$ 


Project  Description 


URBAN  SYSTEMS  BOSTON 
URBANIZED  AREA 


Regional 
Priority 


Reconstruction  of  Crosby  Drive 
and  Middlesex  Turnpike  from  the 
intersection  of  Route  62  to 
Manning  Road 
Project  I.D.  #029490 


AE 

Source 

Est. 

Imple- 

of 

Cost 

menting 

Fuoil& 

(000*s)  Agency 

Federal 

2400 

MDPW 

State 

800 

Loca  1 

Total 

3200 

Activity  CON 


20 


$$s$$$ 


Facf  I  Ity  - 
Community 

Bridges  in 
I^AC  com- 
munities 


Federal  80$ 
State  20$ 
Lcxal 


BRIDGE  REPLACEMENT/REHABILITATION 


Project  Description 

Necessary  preliminary  engineer- 
ing/design as  bridges  require 
In  NMAC  communities 


Regional 
Priority 


Source 
of 

Federal 
State 
Local 
Total 


AE 


Est.  Imple- 
Cost  mentlng 
(GOO's)  Agency 


160 
40 

200 


MDPW 


Activity  PE 


School  Street    Design  work  for  rehabilitation 


Br  I d  ge , 
Lowel I 
L-15-22 


of  School  Street  Bridge  over 
Northern  Canal 
Project  I  .D.  #127750 


Federal 
State 
Loca  I 
TQtal  


1 60  MDPW 
40 


200 


Activity  DESIGN 


Plain  Street 
Br  Idge, 
Lowel  I 
L-15-2 


Design  work  for  rehabilitation 
of  Plain  Street  Bridge  over 
ConRall  tracks 
Project  I .D.#:  056550 


Federal 
State 
Loca  I 
Tptgi  


80  MDPW 
20 


100 


Activity  DESIGN 


21 


Facll  Ity  - 
CommunltY 

Main  Street 
Br  Idge 
Tewksbury 
T-3-8 


$$$$$$ 

Federal  80$ 
State  20% 
Local 


BRIDGE  REPLACEMENT/REHABILITATION 


Project  Descrfptlon 

Reconstruction  of  Main  Street 
Bridge  over  B&M  Railroad 

Project  I .D.#:  042230 


Regional 
Priority 

1 


Source 

of 
Funds 


Loca  I 
Total 


AE 


Est.  laple- 
Cost  nenting 
<Q00'S)  Agency 


Federal  890.4 
State  222.6 


MDPW 


1113 


Activity  CON 


Gray  Street 
Br  i  d  ge 
Bi  I  ler  lea 
B-12-12 


Design  work  for  total  bridge 

rep  I  acement. 

Project  I .D.#:  029449 


Federal 
State 
Loca  I 
Total 


80  ^DPW 

20 


100 


Activity  DESIGN 


And  over  Road 
Bridge 
BI  I  ler  lea 
B-12-13 


Design  work  for  total  bridge 

rep  I  acement. 

Project  I .D.#:  002001 


Federa I 
State 
Loca  I 
Total 


80  ^C)PW 

20 


100 


Activity  DESIGN 


Pol  lard 
Street 
Br  idge 
Bl I ler  lea 
B-12-5 


Design  work  for  bridge  recon- 
struction 

Project  I .D.#:  058020 


Federal 
State 
Local 
TQtgl  


144  M)PW 

36 


180 


Activity  DESIGN 


22 


$$$$$$ 

Federal  80^ 
State  20$ 
Local 


BRIDGE  REPLACEMENT/REHABILITATION 


AE 


Facll Ity  - 
Community 


Project  DescrfptlQn 


Phlneas  Street  Design  for  replacement  of 
Bridge  existing  bridge  and  related 

Dracut  approach  roadway. 

D-1 1-5  Project  I .D.#:  021110 


Regional 
Priority 

1 


Source 
of 

Federal 
State 
Local 
Total  


Est.  Inple- 
Cost  menting 


96 
24 


MDPW 


120 


Activity  DESIGN 


Brown  Street 
Br  idge 
Bi  I  ler  lea 
B- 12-14 


Design  work  for  bridge  replace- 
ment 

Project  I.D.#:  009549 


Federal  80  MDPW 
State  20 

Local   

Total  100 

Activity  DESIGN 


School  Street    Replace  School  Street  Bridge  over 


Br  Idge 
Lowel  I 
L-15-10 


railroad  tracks  and  canal 
Project  I  .D.#:  127751 


Federal  3600 

State  900 

Local   

Total  4500 

Activity  CON 


MDPW 


River  Street 
Bridge 
Westford 
W-26-10 


Design  work. 

Replace  River  Street  Bridge 
over  B&M  ra  i  I  road 
Project  I .D.#:  060950 


Federal 
State 
Local 
Total  


80  MDPW 
20 


100 


23 


Activity  DESIGN 


$$$$$$ 

Federal       80%  AC" 

State  20$       BRIDGE  REPLACEMENT/REHABILITATION 

Lcx:al 


Facll  Ity  - 
Co— lunlty 


Concord 
Br  Idge 
Bi  I  lerlca 
B- 12-21 


Road 


Project  Description 

Replace  Bridge  Deck  on  Concord 
Road  Bridge  Over  Route  3 
Project  I .D.  #:  016430 


Regional 
Priority 

1 


Source 

of 
Funds 

Federal 

State 

Loca  I 

Total 


Est.  Imple- 
Cost  menting 
(QOQ's?  Agency 


720 
180 

900 


MDPW 


Activity  RECON 


Pollard  Bridge  reconstruction  2  Federal      1440  MDPW 

Street  Bridge  Project  I.D.  #:  058020 

Blllerica  State  360 

B-12-5 

Loca  I   

T 

Total  1800 
Activity  RECON 


24 


Facll fty  - 
Cowmuntty 

1-495 
Westford 


$$$$$$ 

Federal 

State 

Local 


90% 


NTERSTATE  RESURFACING  (4R) 


Project  Description 

Resurface  1-495  from  Che! msford/ 
Westford  Town  line  to  Littleton/ 
Boxborough  Town  line 
Project  I.D.#:  066162 


Regional 
Priority 

1 


Source 
of 


State 
Local 


AE 


Est. 
Cost 
(OOP's) 


Imp  le- 
nient I  ng 


Federal      2700  MDPW 


300 


Total  3000 
Activity  RESUR 


25 


Facility  - 
Co— nunlty 

Route  1 10/ 
MInott's 
Corner 
Westford 


$S$$$$ 

Federal 

State 

Local 


15% 
25% 


Pro|ect  Description 

Traffic  and  Intersection 
Improvements,  Including 
s I gna I  Izatlon  of  MInott's 
Corner 

Project  I.D.#:  080650 


RURAL  SKOhOARy 


Regional 
PrlorltY 

1 


AE 


Source       Est.  Imple- 

of  Cost  mentlng 

Funds       (000*s)  Agency 

Federal      667.5    PE  by 
Town 

State  222.5 

CON  by 
Local    MDPW 

Total  890 


Activity  CON 


26 


$$$s$$ 


Facll !ty  - 
Community 

Route  3 
Chel  msf  ord, 
Westford, 
Tyngsborough 


Federal  15% 
State  25% 
Local 


Project  Description 


CONSOLIDATED  PRIMARY 


Resurface  from  Route  4  Interchange 
(Drum  HI  I  I  Rotary)  to  the  New 
Hampshire  State  line 
Project  I.D.  #:  108570 


Regional 
Priority 

1 


Source 

of 
Funds 

Federal 

State 

Loca  I 

Total 


AE 


Est.  Imple- 
Cost  mentlng 
(GOG's)  Agency 


2625 
875 

3500 


MDPW 


Activity  RESUR 


1-495  Joint  replacement  on  four  bridges: 

Lowell,  L-15-65,  L-15-81,  L-15-85,  C-8-30 

Chelmsford         Project  I.D.  #:  0  68610 


Federal  900 

State  100 

Loca I   

Total  1000 


^€PW 


Activity  CON 


27 


Facll  Ity  - 
CownunltY 

Aiken  Street 
and  VFW 
Highway 


$$$$$$ 

Federal 

State 

Local 


90$ 
10$ 


HAZARD  ELIMINATION 


Project  Description 

Signal  upgrade  and  Intersection 

I mprovements 

Project  I.D.#:  025705 


Regional 
Priority 

1 


Source 
of 

Federal 
State 
Local 
Total 


AE 


Est.  Imple- 
Cost  mentlng 
(OOP's)  Agency 

306  Design 
by 

34  Blllerica 
Plan 


340 


CON  by 
MDPW 


Activity 


CON 


28 


$$$$$$ 


Facll Ity  - 
Community 

Bl  I  lerica, 
Bedford, 
Bur  1 Ington 


Federal 

State 

Local 


75$ 
25% 


URBAN  SYSTEMS  BOSTON 
URBANIZED  AREA 


Project  Description 

Phase  I  I  -  Reconstruction  of 
Crosby  Drive  and  Middlesex  Turn- 
pike: Crosby  Drive  from  Route  62 
to  Middlesex  Turnpike;  Middlesex 
Turnpike  from  Burlington  Town 
I  ine  to  Manning  Road 
Project  I.D.#:  029491 


Regional 
Priority 

1 


Source 

of 
Euml£ 

Federal 

State 

Loca  I 

Total 


FE 


Est.  Inple- 
Cost  Renting 
(OOP's)  Agency 


9375 
3125 

12500 


MDPW 


Activity  CON 


29 


$$$$$$ 

Federal 

State 

Local 


75$ 

25%  URBAN  SYSTEMS  STATEWIDE 

100$  of  design  costs  for  locally  owned  facilities 


Facll  Ity  - 
Cownunlty 


Project  DescrFptlon 


Regional 
Priority 


Merrimack  St.,    Reconstruction  of  the  Intersection 
Dutton  St.,         of  Merrimack  Street,  Dutton 
and  Arcand  Dr.    Street,  and  Arcand  Drive 
Lowel I  (Monument  Square) 

Project  I .D.#:  040405 

T 


Route  38/  Improvements  on  Route  38/Rogers 

Rogers  Street    Street  corridor 
Lowell  Project  I.D.#:  112180 


Source 
of 

Federal 
State 
Loca  I 
Total  


Est. 
Cost 
(OOP's) 

525 

175 


700 


FE, 


Inple- 

mentlng 
Agency 

Design 
by  City 

CON  by 
MDPW 


Activity  CON 


Federal      412.5    PE  by 
Lowel 

State         137.5  Plan 


Local 
Total 


550 


Activity  CON 


CON  by 
MDPW 


Route  129  Reconstruction  of  Route  129 

Chelmsford         from  Alpha  Road  to  Industrial 
Avenue 

T  Project  I .D.#:  089003 


Federal 

State 

Local 


1425 
475 


PE  by 
Town 

CON  by 
MDPW 


Total 


1900 


Activity  CON 


Thorndike  St. 
Lowel I 


Reconstruc Iton  of  Thorndike  St, 
from  Lowel I  Connector  to  the 
beginning  of  the  Sampson 
Connector 

Project  I.D.#:  133912 


Federal 
State 
Local 
Total  


600 


200 


800 


PE  by 
City 

CON  by 
MDPW 


Activity  RECON 


30 


s$$$$$ 


Facility  - 
Community 

Route  113 
Pepperel  I 


Federal 

State 

Local 


15% 
23% 


RURAL  SKOICIARY 


Project  Description 

Channelization  of  Main  Street 
and  Groton  Street  at  Railroad 
Square 

Project  I.D.#:  081601 


Regional 
Priority 


Source 
of 

Federal 
State 
Loca  I 
Tgtal 


FE 


Est.  Imple- 
Cost  mentlng 
(OOP's)  Agency 


375 


125 


500 


Prel  Iml- 
nary 
des I gn 
by  Town 


Activity  CON 


31 


$$s$$$ 


Facility  - 
Conmnlty 

School  Street 
Br  idge 
Lowe  I  I 
L-15-22 


Federal 

State 

Local 


80% 
20% 


BRIDGE  REPLACEMENT/REHABILITATION 


FE 


Project  Description 

Replace  or  substantially 
rehabilitate  School  Street 
Bridge  over  Northern  Canal. 
Project  I.D.#:  127  750 


Regional 
Priority 


Source 
of 

Federal 
State 
Loca ! 

Total  


Est.  Inple- 
Cost     ment I ng 
(OOP's)  Agency 


1600 
400 

2000 


MDPW 


Activity  RECON 


Plain  Street 
Br  Idge, 
Lowe  I  I 
L-15-2 


Replace  or  substantially 
rehabilitate  Plain  Street 
Bridge  over  ConRail  tracks 
Project  I.D.#:  0  5  65  5  0 


Federal  800  ^DPW 
State  200 

Local   

Total  1000 


Activity  RECON 


Gray  Street 
Bridge 
Bi  I  ler  ica 
B-12-12 


Total  bridge  replacement 
Project  I .D.#:  029449 


Federal 
State 
Loca  I 
Total 


800  ^DPW 

200 


1000 


Activity  RECON 


And  over  Road 
Br  i  d  ge 
Bi  I  ler  ica 
B-12-13 


Total  bridge  replacement 
Project  I .D.#:  002001 


Federal 
State 
Loca  I 
Total  


800  ^C)PW 
200 


1000 


Activity  RECON 


32 


Facll  Ity  - 
Cowmunlty 

Aiken  Street 
Br  id  ge,  Lowel  I 
L-15-20 


$S$$$$ 

Federal 

State 

Local 


80$ 
20$ 


BRIDGE  REPLACEMENT/REHABILITATION 


Pro|ect  Description 

Bridge  reconstruction 
Project  I .D.#:  000910 


Regional 
Priority 

1 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


FE 


Est.  Inple- 
Cost  mentlng 
(OOP's)  Agency 


4000 
1000 

5000 


MDPW 


Activity  RECON 


Boylston  St.      Reconstruction  of  Boylston 
Bridge,  Lowel  I  bridge  over  the  B&M  rail- 
L-15-5  road 

Project  I.D.#:  007105 

T 


Federal  800  MDPW 

State  200 

Loca  I   

Total  1000 

Activity  RECON 


Permanent 
r Iver  cross- 
ing over 
Merr  imack 

R  i  ver  Lowe  I  I 


New  bridge  across  Merrimack 
River  including  approaches 
Project  I.D.#:  103000 


Federal  56000 

State  9000 

Loca I   

Total  45000 


MDPW 


Activity  CON 


Ph  ineas 
Street  Br  idge 
Dr  acut 
D-1 1-5 


Complete  replacement  of  existing 
bridge  and  related  approach 
roadway 

Project  I .D.#:  021110 


Federal 
State 
Loca  I 
Total 


960  MDPW 
240 


1200 


Activity  RECON 


33 


Facll Ity  - 
COBBlunltY 

Route  111/119 
Br  Idge 
Pepperel I 
P-6-1 
G-14-5 


$$$$$$ 

Federal 

State 

Local 


80$ 
20$ 


BRIDGE  REPLACEMENT/REHABILITATION 


Project  Description 

Reconstruct  bridge  over  Nashua 
River 

Project  I .D.#:  029910 


Regional 
Priority 


Source 
of 

Federal 
State 
Local 
Total  


FE 


Est.  Inple- 
Cost     ment I ng 
(OOP's)  Agency 


640 
160 

800 


MDPW 


Activity  RECON 


Brown  Street 
Bridge 
Bl  I  ler  Ica 
B-12-14 


Total  bridge  replacement 
Project  I .D.#:  009549 


Federal 
State 
Loca  I 
Total  


800  MDPW 
200 


1000 


Activity  CON 


Princeton  Bridge  reconstruction 

Street  (Rte.      Project  I.D.#:  109800 
3A)  Bridge 
Chel msford 
C-8-3 


Federal  67.5  h€PW 
State  22.5 

Loca  I   

Tg>tgl  90  


Activity  CON 


River  St. 
Bridge 
Westford 
W-26-10 


Replace  River  Street  Bridge 
over  B&M  Railroad 
Project  I .D.#:  060950 


Federal 
State 
Loca  I 
Total  


640 
160 

800 


^€PW 


Activity  CON 


34 


$$$$$$ 

Federal  90% 

State         10$  HAZARD  ELIMINATION 

Local 


FacM  Ity  -  Regional 
Comunlty  Project  Description  Prior  Ity 

Five  Inter-       Signal   Installations  and  re-  2 
section  lated  geometric  Improvements 

improvements      at  the  following  five  inter- 
Lowel  I  sections: 

1.  Aiken  Street/Lakev lew  Avenue 
T  2.  Pine  Street/Stevens  Street 

3.  Westford  Street/Pine  Street 

4.  Westford  Street/Stevens  St. 

5.  Aiken  Street/W. Sixth  Street 
Project  I.D.#:  025705 


FE 

Source       Est.  Imple- 

of  Cost  nentlng 

Euml&       (OOP's)  Agency 

Federal      348.3  MDPW 

State  38.7 

Loca  I   

Total  387 

Activity  PE 


35 


$$$s$$ 

Federal 

State 

Local 


75$ 
25$ 


CONSOLIDATED  PRIMARY 


FE 


Facility  - 
Cowunlty 

Route  3 
Bll  ler  ica 


Project  Description 

Route  3  widening  project  Phase  I 
Burlington  and  Bll ler ica 
Project  I.D.#:  107700 


Regional 
PrlorltY 

1 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est.  laple- 
Cost  nentlng 
(OOP's)  Agency 


22500 
75  00 

30000 


Activity  CON 


MDPW 


Route  3 
Bi  I  ler  ica, 
Lowel  I , 
Chel  msf  ord, 
Wes tford, 
Tyngsborough 


1-495 

Chel  msf  ord 


Route  3  widening  Phase  II  from 
Bll  ler  ica  to  New  Hampshire 
State  I  Ine 

Project  I.D.#:  107690 


Lengthen  roadside  rest  areas  cur- 
rent I  y  on  I -495 
Project  I.D.#:  066101 


Federal  22500 

State  7500 

Local   

Total  30000 


VDPW 


Act  i  V  ity 

CON 

Federal 

225 

State 

75 

Local 

Total 

300 

Activity 

CON 

MDPW 


36 


C 

o 

o 
o 
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Facility  - 
CoBBlunltY 

Operat I ng 
Ass  istance 

LRTA 


$$$$$$ 

Federal 
State 

Local 


Capital 
80$ 

]0% 

1056 


Operating 
50% 

25% 

25% 


Project  Description 

Improve  and  maintain  fixed 
route  bus  service  and  special 
services  to  the  elderly  and 
hand  Icapped. 


SECTION  9  FY'  91 


Regional 
Priority 

1 


Source 

of 
Funds 

Federal 

State 

Loca  I 

Total  


AE 


Est.  Imple- 
Cost  menting 
(000»s)  Agency 


998 

1227 
771 

2996 


LRTA 


Activ  i ty 


Capital  Bus  and  bus  related  facilities 

Assistance         Spare  parts 

Supervisory  vehicle  (LoLaw) 
LRTA  Office  technology  systems  (LRTA) 


Federal 
State 
Local 
Total  


46.7  LRTA 

5.8 

5.8 
58.3 


Activ  i ty 


Planning  Planning  assistance  contract 

Assistance  with  NMAC 

(To  be  included  In  Unified 
LRTA  Transportation  Planning  Work 

Program) 


Feder a  I 
State 
Loca  I 
TQtgj  


40 


10 


50 


LRTA 


Activity 


51 


$$$$$$ 


Facll  Ity  - 
Community 

Cap  Ital 

LRTA 


Federal  75$ 
State  \2,5% 
Local  12.5$ 


SBCTION  3  FY  '91 


Project  Description 

Bus  and  bus  related  equipment 
Emergency  replacement  22  transit 
vehicles  manufactured  by  TMC 
with  40  ft.  heavy  duty  1 1  ft 
equipped  transit  vehicles 


Regional 
Priority 

1 


AE 


Source  Est.  Inple- 

of  Cost  menting 

FumU  (OOP's)  Agency 

Federal  3300  LRTA 

State  550 

Local  550 

Total  4400 


Act iv  ity 


52 


$s$$$$ 

Federal 
State 
Lex;  a  I 


75$ 

12.5$ 

12.5$ 


SBCTION  3(a)(1)(C) 


Source 

Est. 

Facility  - 

Regional 

of 

Cost 

Qonmunlty 

Project  Description 

Priority 

Euml£ 

(OOO's) 

Demonstration 

Methanol  conversion  of  diesel 

1 

Federal 

108 

Program 

buses  testing  and  demonstration 

program. 

State 

18 

LRTA 

Conversion  kits,  fueling 

facilities,  maintenance. 

Loca  1 

18 

training,  fuel,  etc.,  for  three 

diesel  buses 

Total 

144 

Activity 

AE 


Imple- 
menting 


LRTA 


53 


$$$$$$ 

Capital 
Federal  80^ 


State 

Local 


10$ 
10$ 


Operating 
50$ 

25$ 

25$ 


SBCTION  9  FY  '92 


FE 


Source 

Est. 

Facility  - 

Regional 

of 

Cost 

ComnunltY 

Project  Description 

Priority 

(000»s) 

Operat 1 ng 

Improve  and  maintain  fixed 

1 

Federal 

1 100 

Ass  Istance 

route  bus  service  and  special 

services  to  elderly  and 

State 

550 

LRTA 

hand  Icapped 

Loca  1 

550 

Total 

2200 

Activity 

Inp  le- 
mentlng 


LRTA 


Capital 
Assistance 

LRTA 


Bus  and  bus  related  facilities 
Spare  parts 


Federal 
State 
Loca  I 
Total  


40  LRTA 

5 

5 
50 


Activ  i ty 


Planning  Planning  assistance  contract 

Assistance         with  NM/C. 

(To  be  Included  In  Unified 
LRTA  Transportation  Planning  Work 

Program) 


Federal 
State 
Loca  I 


40  LRTA 


10 


Total 


50 


Activ I ty 


55 


II 

111 


PRIVATE  SECTOR  PARTICIPATION 


The  LRTA  demonstrates  a  long  history  of  involving  the 
private  sector  in  the  provision  of  LRTA  services. 

All  LRTA  service  is  contracted  to  private  operators  through 
operating  contracts  with  the  following  private  bus  operators: 

LoLaw  Transit  Management,  Inc. 
Leasing  Systems  Development  Corporation 
Blanchard  Charter  Service,  Inc./Laidlaw 
Ronald  H.  Rajaniemi  Company 

These  contractors  participate  actively  in  the  LRTA  capital 
planning  process. 

The  Northern  Middlesex  Metropolitan  Planning  Organization 
(MPO)  which  includes  both  the  LRTA  Advisory  Board  and  the 
Northern  Middlesex  Area  Commission  has  adopted  a  "Private  Sector 
Policy"  consistent  with  UMTA  requirements  as  set  forth  in  the 
Federal  Register  October  22,  1984.     The  policy  was  formally 
adopted  March  26,  1987. 


It  is  part  of  this  policy 
MPO  Certification  Documents  to 
providers  in  the  area.  A  list 
the  end  of  this  section.  Both 
circulated  to  this  list  during 
are  no  new  services  or  service 
and  therefore  no  opportunities 
involvement  or  proposals  to  be 


to  circulate  the  TIP  and  all  othe 
"Private  Sector"  transportation 
of  these  providers  is  included  at 
the  TIP  and  the  UWP  have  been 
the  previous  fiscal  year.  There 
proposals  contained  in  this  TIP 
for  increased  private  sector 
solicited. 


During  FY  '87,  however,  in  accordance  with  the  UMTA  policy 
of  opening  existing  contracts  to  competition  the  LRTA  put  out  to 
competitive  bidding  its  entire  E&H   (Road  Runner)  operation.  In 
addition  management  services  for  fixed  route  operations  were 
competitively  bid  in  the  Fall  of  1987.     During  this  process  no 
impediments  to  private  sector  involvement  have  been  made  appar- 
ent.    No  private  sector  complaints  have  been  received.     LRTA  is 
currently  operating  on  five  year  contracts  for  fixed  route  and 
E&H. 

The  planning  task  relating  to  "Private  Sector  Involvement" 
included  in  the  FY  1989  Unified  Transportation  Planning  Work 
Program  (UWP)   funded  both  by  UMTA  and  LRTA  has  been  continued  in 
the  FY  1990  UWP. 

Private  Sector  Capital  Investment  Strategies 

The  LRTA  continues  to  be  active  in  the  planning  and  develop 
ment  of  a  public/private  joint  venture  project  involving  a 
satellite  bus  facility/pedestrian  access  on  Authority  owned  land 
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immediately  adjacent  to  the  Charles  A.  Gallagher  Transportation 
Terminal.     Land  acquisition  is  complete,  an  RFP  for  architectural 
services  for  the  public  portion  and  an  RFP  for  a  private 
developer  have  been  distributed.     An  architect  for  the  public 
portion  and  a  developer  for  the  private  portion  have  been 
selected.     This  developer  has  subsequently  withidrawn  due  to 
inability  to  secure  tenants  and  financing.  The  architect/engine- 
ering firm  for  the  public  portion  is  under  contract  with  LRTA  and 
has  completed  plans  and  bid  specifications  for  the  public  por- 
tion.    Initial  site  work  is  complete  and  the  public  portion  has 
been  bid.     State  environmental  approval  and  funding  are  in  place. 
The  public  portion  is  proceeding  even  though  the  initial  private 
developer  withdrew  from  the  process.     LRTA  has  enlisted  the  help 
of  the  Urban  Land  Institute  and  is  aggressively  marketing  the 
site  to  a  broader  base  of  potential  clients.     Information  pre- 
pared to  date  has  been  forwarded  to  UMTA. 

Both  public  and  private  interests  were  represented  on  the 
planning  committee  for  this  project.     The  committee  was  chaired 
by  the  director  of  the  Lowell  Plan,  representing  the  interests  of 
private  sector  commercial  and  industrial  enterprises  in  Lowell. 
Additional  members  represent  the  LRTA,  the  Chambers  of  Commerce 
Northern  Middlesex,  City  of  Lowell   (City  Manager's  Office  and  the 
Division  of  Planning  and  Development)  the  Commonwealth  of 
Massachusetts  Division  of  Capital  Planning  and  Operations   (DCPO) . 
Other  resources  available  to  the  committee  and  attending  most 
meetings  are  the  Commonwealth  of  Massachusetts  EOTC,  LoLaw 
Transit  Management   (LRTA's  largest  private  operator),  NMAC,  and 
UMTA.     The  planning  studies  that  have  gone  into  the  preparation 
of  this  project  are  listed  on  Page  2  of  this  TIP. 

Financial  Capacity: 

The  LRTA  reviews  its  financial  capacity  annually  relative  to 
the  availability  of  Federal  funds,  State  funding,  and  local 
assessment.     Federal  funding  involves  the  availability  of  UMTA 
Section  9  apportionments,  carryover  funding,  and  funds  that  may 
be  de-obligated  from  previous  grants  for  capital,  planning  and 
operating  assistance.     State  funding  is  available  to  LRTA  to 
match  Federal  Capital  and  operating  assistance.     Additional  State 
"contract  assistance"  funding  is  available  from  time  to  time 
primarily  for  assistance  to  capital  projects.     Member  communities 
are  assessed  for  local  share  based  on  service  received.  The 
level  of  assessment  to  member  communities  is  limited  to  increase 
only  2.5%  per  year  under  Massachusetts'  Proposition  2  1/2.  Local 
assessments  are  used  to  match  Federal  capital  and  operating 
funds.     The  Northern  Middlesex  Area  Commission   (NMAC)  provides 
local  match  for  planning  activities  in  which  it  participates. 

The  present  LRTA  Administration,  which  started  in  1983,  has 
instituted  an  improved  program  of  monitoring  capital  and 
operating  expenses  through  monthly  status  reports.  Additional 


58 


projections  and  analysis  are  done  at  the  time  of  budget  prepara- 
tion.    As  a  result,  LRTA  has  been  able  to  keep  operating  expenses 
within  Proposition  2  1/2  and  to  reduce  the  amount  that  needs  to 
be  borrowed  in  anticipation  of  revenues.     Borrowing  has  been  cut 
from  $3,600,000  in  FY  '82  to  $2,500,000  in  FY  '88.     The  savings 
in  interest  through  this  sound  fiscal  management  have  been 
substantial.     An  additional  benefit  to  this  strong  financial 
position  has  been  aggressive  bidding  by  banks  for  this  borrowing, 
resulting  in  improved  interest  rates. 

For  the  Gallagher  Terminal  addition  project,   $1.34  million 
of  federal  money  is  leveraging  $1.34  of  State  EOTC  Capital 
Assistance  Program  money,   $540,000  local  share,   $380,000  private 
contributions,   2.5  million  MBTA  Bond  Issue  money  and  $2.5  million 
Mass  Off-street  Parking  money  for  a  total  of  8.6  million  for  the 
public  portion  of  the  project  which  could  generate  an  additional 
$8.2  million  of  private  investment. 

It  is  anticipated  that  when  a  public/private  partnership  is 
negotiated  it  will  generate  an  estimated  $250,000  in  revenue 
annually  for  LRTA  to  the  direct  benefit  of  local  transit  opera- 
tions . 

Because  of  its  revenue  generation  potential  this  project  is 
viewed  as  a  positive  investment  in  the  future  by  LRTA.  Federal 
capital  and  operating  revenues  will  be  stretched  tight  during  the 
next  two  years  but  not  to  the  point  of  affecting  service.  Upon 
completion,  however,  the  revenue  generated  by  the  private  portion 
of  the  project  will  permit  LRTA  to  maintain  its  present  level  of 
service  in  the  face  of  potentially  declining  operating  subsidies. 
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Private  Transportation  Providers  Operating  in  LRTA  Service  Area 
Bys  Lines 


Provider 

Address 

Telephone 

National  School  Bus 

15  Pevey  Street,  Lowell 

4  58- 

Ward  Way,  North  Chelmsford 

251- 

4901 

Trombly  Motor  Coach 

1480  Broadway  Road,  Dracut 

J  J 

J.  7  ^  ^ 

Hudson  Bus  Lines 

16  Pond  Street,  Nashua 

f\AQ- 

fin  1 

D  U  D  J. 

Leasing  Systems  Development 

Corporation* 

391  School  Street,  Lowell 

t  1  D 

*t  J  ±  u 

Chelmsford  Council  on 

Aging* 

1  North  Road,  Chelmsford 

^  J  u 

n  m 

U  U  X  J 

Dracut  Council  on  Aging* 

951  Mammoth  Road,  Dracut 

Q  R7- 

y  -J  / 

^  V/  J.  J. 

Tyngsborough  Council  on 

Aging* 

Lakeview  Avenue,  Tyngsborough 

649- 

9211 

Rajaniemi,  Inc.* 

368  Main  Street,  Townsend 

597- 

2687 

LoLaw  Transit  Management, 

Inc.  * 

Clark  Road,  Tewksbury 

4  S9- 
t  J  ^ 

D  J.  D  ± 

Hillcrest  Wheel  Chair 

Service 

P.O.   Box  165,  Dracut 

947- 

5109 

Bay  State  Ambulance  & 

Wheelchair  Service 

154  Moody  Street,  Lowell 

458- 

6321 

Laidlaw  Transit 

58  Union  Street,  Methuen 

683- 

\J  \J  ■>J 

7034 

Handi-Van 

40  Perry  Street,  Lowell 

453- 

4317 

Pierce  Transit 

441  Textile  Avenue,  Dracut 

957- 

2016 

McGinn  Bus  Company 

36-38  Alley  Street,  Lynn 

592- 

0100 

EMT  Corp.    (Everyday  Medi- 

75 Hillside  Avenue,  Lawrence 

686- 

1199 

cal  Transportation, 

Brian  Mercer,  Pres.) 

Medicar,  Inc. 

41  Osgood  Street,  Lowell 

4  59- 

3848 

(Contacts:  Marlene  Kaplin  or  Sotheavy  Lee) 

4  52- 

1182 

R.C.   Herrmann  Bus  Company 

250  Littleton  Road,  Westford 

692- 

vj  ^ 

3143 

X  *T 

Trailways  Bus  System** 

101  Thorndike  St.,  Lowell 

459- 

7101 

Vermont  Transit** 

101  Thorndike  St.,  Lowell 

459- 

7101 

Peter  Pan** 

101  Thorndike  St.,  Lowell 

459- 

7101 

Charters /Rentals 

Bedford  Charter  Service** 

11  Railroad  Avenue,  Bedford 

275- 

9524 

Shaughnessy  FL,  Inc.** 

489  Boston  Road,  Billerica 

667- 

8244 

Buckingham  Bus  Service 

Station  Avenue,  Groton 

448- 

6057 

Fiore  Bus  Service 

1480  Broadway,  Dracut 

453- 

1932 

Blanchard  Transit  Service 

555  Whipple  Road,  Tewksbury 

851- 

9863 

Dunbar  Bus  Company 

Tyngsborough,  MA 

251- 

7445 

*  Under  contractual  agreement  with  LRTA 
**  Sent  only  letter  detailing  policies  regarding  private  agencies  and 
transit.     Documents  will  be  sent  upon  request. 
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Provider 


Address 


Telephone 


S&S  of  New  England,  Inc. 
Sabrina  Company 
A.J.  Gagnon  &  Sons 
Ryder  Transportation 
Service 


716  Middlesex  Street,  Lowell 
2178  Bridge  Street,  Dracut 
Gagnon  Drive,  Dracut 

100  Littleton  Road,  Westford 


454-8073 
441-0200 
957-3100 

692-0232 


Taxi  Service 


Provider 


Address 


Telephone 


Community  Cab 
Harlow  Cab 
A&L  Taxi 

Diamond  Yellow  Cab 
Chelmsford  Town  Taxi 
Fred's  Taxi 
Billerica  Taxi 
TWC  Limo  and  Taxi 


117  Main  Street,  Pepperell 
19  West  Street,  Pepperell 
115  Congress,  Lowell 
50  Payne  Street,  Lowell 
North  Chelmsford 
42  Crimson  Road,  Billerica 
1  Edgbaston  Street,  Billerica 
33  Nabnasset  Street,  Westford 


433-9944 
433-8370 
454-5661 
458-6861 
251-8858 
667-2300 
663-8222 
692-8880 
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CERTIFICATION  OF  3C  TRANSPORTATION  PLANNING  PROCESS 


In  accordance  with  the  FHWA/FTA  Urban  Transportation 
Planning  Final  Rule,  dated  June  30,   1983,  the  Metropolitan 
Planning  Organization  (MPO)   for  the  Northern  Middlesex  Urbanized 
Area  has  completed  its  review  and  hereby  certifies  that  the 
conduct  of  the  3C  Transportation  Planning  Process  complies  with 
the  requirements  of  CFR  450.114   (c) ;  and  that  said  process 
includes  activities  to  support  the  development  and  implementation 
of  this  Transportation  Improvement  Program  (TIP) ,  the 
Transportation  Plan,   and  subsequent  project  development  activ- 
ities, as  necessary  and  to  the  degree  appropriate. 


CERTIFICATION  OF  PRIVATE  ENTERPRISE  PARTICIPATION 

TRANSPORTATION  PLANNING  PROCESS 

The  Metropolitan  Planning  Organization  (MPO)   for  the 
Northern  Middlesex  Urbanized  Area  hereby  certifies  that  the  local 
process  for  the  involvement  of  the  private  sector  in  the  trans- 
portation planning  activity  has  been  followed. 


CERTIFICATION  OF  AIR  OUALITY  CONFORMANCE 

In  accordance  with  Section  176(c)(3)(A)   of  the  1990  Clean 
Air  Act  /Amendments,  the  Metropolitan  Planning  Organization  for 
the  Northern  Middlesex  Region  has  completed  its  review  and  hereby 
certifies  that  the  FY   '93  Transportation  Improvement  Program  is 
in  conformance  with  Section  5  of  the  Interim  Guidance  issued  in 
June  1991.     This  has  been  demonstrated  by  finding  that  the 
projects,  programs  and  analyses  included  herein: 

1.  are  consistent  with  the  most  recent  estimates  of  mobile 
source  emissions; 

2.  provide  for  implementation  of  transportation  control  meas- 
ures  (the  status  of  such  TCMs  is  outlined  in  Appendix  A) ; 

3.  contribute  to  annual  emission  reductions  with  respect  to 
ozone  and  carbon  monoxide  consistent  with  Section  182(b)(1) 
and  187 (n) (7) ; 

4.  conform  to  the  State  Implementation  Plan's  purpose  of 
reducing  the  severity  and  number  of  violations  and  ex- 
peditiously achieving  standards; 

5.  do  not  cause  or  contribute  to  new  violations,   increase  the 
severity  and  frequency  of  existing  violations,   or  delay 
attainment  of  the  standards  or  interim  emission-reduction 
targets . 
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INTRODUCTION 


Based  on  regulations  promulgated  by  the  Department  of 
Transportation  (DOT) ,  any  transportation  project  funded  through 
the  Federal  Highway  Administration  (FHWA)   or  the  Federal  Transit 
Administration  (FTA)  must  be  listed  in  the  appropriate  region's 
Transportation  Improvement  Program  (TIP) .     Without  such  a  list- 
ing.  Federal  highway  funds  cannot  be  expended  by  the 
Massachusetts  Highway  Department   (MHO)   on  local  or  State  proj- 
ects.    Similarly,  the  Lowell  Regional  Transit  Authority  (LRTA) 
can  only  receive  Federal  funds  for  projects  listed  in  the  TIP  of 
the  Northern  Middlesex  Metropolitan  Planning  Organization. 

The  principal  object  of  this  mandatory  TIP  listing  is  the 
provision  of  an  additional  point  for  public  access  to  and  review 
of  the  transportation  planning  process. 

TIP  Organization 

The  TIP  lists  projects  by  fiscal  year.  The  FY  1993  TIP 
lists  all  projects  proposed  for  implementation  during  Fiscal 
Years  1993-1995. 

Each  Fiscal  Year  is  subdivided  so  as  to  list  separately 
individual  projects  under  their  appropriate  funding  category. 
Highway  and  Transit  projects  are  listed  in  separate  sections. 

TIP  Development  Process 

The  TIP  is  a  requirement  of  the  Federally  mandated  transpor- 
tation planning  process.     This  process  is  carried  out  under  the 
authority  of  the  Northern  Middlesex  Metropolitan  Planning 
Organization  (NMMPO)   which  reviews  and  endorses  all  required 
documents,   and  consists  of:     the  Chairman  of  the  Northern 
Middlesex  Council  of  Governments   (NMCOG) ,  the  Chairman  of  the 
Lowell  Regional  Transit  Authority  (LRTA) ,  the  Secretary  of  the 
Massachusetts  Executive  Office  of  Transportation  and  Construction 
(EOTC)   and  the  Commissioner  of  the  Massachusetts  Highway 
Department  (MHD) .     The  staff  of  NMCOG  acts  as  planning  staff  to 
the  NMMPO.     Under  this  arrangement  NMCOG  produced  the  current 
TIP.     The  TIP  is  based  on  projects  listed  in  the  preceding  year's 
TIP  updated  with  current  project  listings  provided  by  NMCOG 
member  communities,  the  LRTA,   and  the  MHD.     Following  local 
review,  the  TIP  is  submitted  to  the  NMMPO  signatories  for  their 
official  endorsement.     Local  review  includes  distribution  of  the 
draft  document  to  private  transit  providers  in  the  area  according 
to  NMCOG  Private  Sector  Involvement  Policy. 

As  NMCOG  is  the  official  areawide  clearinghouse  for  Inter- 
governmental Review  under  Executive  Order  12372,  NMCOG 's  endorse- 
ment of  the  TIP  represents  regional  approval  under  the  Federal 
Project  Review  System  for  all  projects  listed  on  the  current  TIP. 
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This  review  also  satisfies  Statewide  Intergovernmental  Review 
requirements  as  set  forth  by  Executive  Office  of  Communities  and 
Development  Memorandum  of  July  18,  1986. 

TIP  Amendment/Adlustment  Procedures 

For  purposes  of  project  selection  and  programming,  any 
project  listed  in  FY  1993  of  the  endorsed  TIP  will  be  considered 
to  have  the  concurrence  of  the  MPO  without  further  action 
required.     Prioritization  of  projects  will  have  taken  place  by 
virtue  of  placement  of  a  project  in  Fiscal  Years  1993-1995  of  the 
TIP. 

In  order  to  minimize  constraints  on  programming  projects, 
the  endorsed  TIP  has  provisions,  as  adopted  by  the  MPO,  that 
allow  relatively  minor  adjustments  to  be  made  without  formal  MPO 
action.     Significant  changes  require  MPO  action  through  the 
amendment  process.     Minor  adjustments  may  include  such  actions  as 
moving  a  project  from  FY  1994  to  FY  1993,  and  may  be  accomplished 
through  an  agreed-upon  administrative  action.     Major  alterations 
requiring  formal  MPO  action  would  include  significant  changes 
such  as  the  addition  of  a  project  not  previously  stipulated  or 
the  advancement  of  an  FY  1995  project. 

TIP  Relationship  to  NMCOG  Comprehensive  Transportation  Plan 

The  Comprehensive  Transportation  Plan  (CTP)   covers  a  period 
of  five  to  ten  years  and  is  updated  as  needed.     The  overall 
transportation  goals  and  policies  articulated  in  the  CTP  ensure 
that  individual  projects  are  considered  within  the  context  of 
established  regional  goals,   as  required  by  Federal  regulation. 

The  TIP  provides  access  to  the  funding  necessary  to  trans- 
form the  OTP's  policies  and  goals  into  finalized  projects.  Many 
TIP  projects  are  drawn  directly  from  the  CTP.     In  addition  to 
being  drawn  from  the  CTP,  transit  projects  may  be  derived  from 
special  studies  and  routine  capital  equipment  replacement  sched- 
ules.    The  Gallagher  Terminal  addition  (expansion  of  Gallagher 
Terminal  to  include  a  satellite  bus  facility  and  improved  pedes- 
trian access)   is  an  example  of  this  process.     Special  studies 
have  included  Development  and  Use  Potential  of  the  Gallagher  Terminal,  An  Over\iew, 
NMAC,  Fall  1981,  LRTA  Proposed  Satellite  Bus  Facility  and  Pedestrian  Access  on 
Land  Adjacent  to  Gallagher  Terminal ,  NMAC,  September  1984,  Feasibility  Study: 
Charles  A.  Gallagher  Transportation  Terminal  Expansion,  Satellite  Facility/Pedestrian 
Access,  IfMAC,  October  1987,  Office  Market  Opportunities,  Gallagher  Transportation 
Terminal  Site,  Hammer  Siler  George  Associates,  Parking  Analysis  Charles  A. 
Gallagher  Transportation  Terminal  Expansion,  NMAC,  1989. 
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TIP  Position  in  Project  Funding  Sequence 


Perhaps  one  of  the  most  common  misconceptions  regarding 
highway  project  funding  involves  the  relationship  between  project 
listing  on  the  TIP  and  the  assurance  of  funding  for  project 
construction. 

The  fact  is  that  a  highway  project  listing  on  the  TIP  does 
not  in  any  way  constitute  a  financial  commitment  to  construct  a 
given  project.     Rather,  TIP  listing  is  simply,  but  importantly, 
one  more  step  in  the  implementation  process.     This  process 
requires,  by  regulation,  that  to  be  funded  for  construction,  all 
projects  must  be  listed  on  the  TIP.     However,  not  all  projects 
listed  on  the  TIP  must  be  funded  for  construction.     In  practice 
during  any  given  year,  many  more  projects  are  listed  than  there 
are  available  construction  funds. 

Deciding  which  projects  are  funded  is  the  responsibility  of 
the  MPO.     Some  of  the  criteria  applied  in  this  decision  making 
process  are  regional  priority,  project  cost,   length  of  construc- 
tion period  and  how  a  given  project's  completion  affects  the 
overall  transportation  system  improvement  program. 

Transit  projects  are  also  placed  on  the  TIP  prior  to  and  as 
a  necessary  condition  for  commitment  of  funds  by  the  Federal 
Transit  Administration  (FTA) .     The  LRTA  includes  the  projects  on 
its  annual  Section  9,  or  other  funding  program,  grant  appli- 
cations to  FTA.     Actual  funding  is  then  determined  by  FTA  based 
on  available  funds  and  justification  for  the  projects  included  in 
the  grant  application.     As  with  highway  projects,  more  projects 
may  be  programmed  on  the  TIP  than  annual  FTA  apportionments  can 
accommodate.     In  these  cases  final  priorities  are  set  at  the  time 
grant  applications  are  filed  and  alternate  funding  avenues  or 
methods  are  sought  through  the  LRTA's  ongoing  financial  planning 
activities. 


TIP  AIR  QUALITY  ANALYSIS /CONFORMANCY  STATEMENT 
Introduction 

To  ensure  that  projects  originating  through  the  transpor- 
tation planning  process  in  the  NMCOG  region  are  consistent  with 
the  State  Implementation  Plan  (SIP)   for  air  quality,   an  analysis 
of  the  Transportation  Improvement  Program  (TIP)   is  required. 

Within  the  Transportation  Improvement  Program  two  main 
categories  of  projects  require  analysis:     those  which  will  affect 
existing  vehicular  speed,  delay  or  usage,  and  those  projects 
which  are  termed  major  action  projects. 
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Briefly  put,  every  time  a  vehicle  engine  is  operated,  it 
produces  some  degree  of  pollution.     The  degree  of  pollution  is  a 
function  of  engine  operation  as  measured  by  speed  in  miles  per 
hour   (MPH) .     Generally,  as  vehicle  speed  (MPH)   increases,  engine 
pollution  decreases.     Consequently,   the  larger  the  percentage 
increase  in  speed,   the  greater  the  reduction  in  pollutants.  Thus 
a  5  MPH  increase  from  30  MPH  to  35  MPH  produces  a  larger  absolute 
emission  reduction  than  a  5  MPH  increase  from  50  MPH  to  55  MPH. 

Projects  Which  Change  Speed,  Delay,  Usage; 

o        Speed  -  Generally  (though  not  exclusively) ,  projects 

which  increase  the  operating  speeds  of  a  given  roadway 
do  so  by  increasing  its  capacity.     Increased  capacity  - 
the  ability  of  a  roadway  to  accommodate  more  vehicles 
at  one  time  -  results  from  widening  the  existing 
roadway.     Thus  projects  which  involve  widening  a 
roadway  are  analyzed. 

o        Delay  -  Because  there  is  no  clean  phase  of  engine 
operation,  engine  idling,  termed  vehicle  delay  or 
simply  delay,   is  a  significant  contributing  factor  to 
mobile  source  pollution.     Typically,  signalization 
projects  have  a  direct  bearing  on  the  amount  of  delay 
at  a  given  location.     For  that  reason,  signalization 
projects  are  analyzed. 

o        Usage  -  Because  once  in  operation  a  vehicle  engine  is 
constantly  producing  pollution,  any  project  which 
influences  the  amount  of  vehicle  usage  has  a  direct 
impact  on  air  quality.     Therefore ,  projects  such  as 
park  and  ride  lots  and  new  transit  service  which 
influence  use  are  analyzed. 

Major  Action  Projects 

The  second  category  of  projects  included  in  this  analysis 
are  those  which,  due  to  project  nature  and/or  scope,  require,  by 
law,  that  an  Environmental  Impact  Statement  (EIS)  ,  Environmental 
Impact  Review  (EIR)  or  Finding  of  No  Significant  Impact  (FONSI) 
be  conducted.     These  studies  document  a  given  project's  impact  on 
various  systems  and  elements,  one  of  which  is  air  quality. 

This  conformancy  analysis  takes  note  of  all  major  action 
projects  listed  on  the  Transportation  Improvement  Program. 
Following  completion  of  these  projects'  respective  reports.  NMCOG 
will  examine  the  appropriate  air  quality  data  and  include  it  in 
this  analysis.     Each  project  which  fulfills  any  of  the  above 
definitions  is  labeled  as  having  Air  Quality  Significance  in  its 
TIP  project  description. 
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Projects  Which  Do  Not  Require  Air  Quality  Analysis 

The  EPA  and  DOT  have  developed  a  list  of  "neutral"  projects 
whose  individual  and  cumulative  effects  would  not  be  detected 
during  the  regional  emissions  analysis  for  plans  and  programs. 
Therefore,  DOT  and  EPA  agree  these  projects  may  be  excluded  from 
the  analytical  process  for  determining  conformity  of  transpor- 
tation plans  and  programs. 

Furthermore,  these  projects  normally  do  not  require  project 
level  modeling  for  localized  CO  impacts.     The  DOT  and  EPA  have 
agreed  that  emissions  analysis  for  local  CO  violations  should  be 
presumed  to  be  unnecessary  for  the  projects  listed  below  except 
for  intersection  channelization,   intersection  signalization 
projects,  and  changes  in  horizontal  and  vertical  alignments. 
Projects  in  these  categories  should  receive  individual  consider- 
ation to  determine  whether  numerical  project  level  analysis  is 
appropriate.     Projects  eligible  for  this  treatment  include: 


Safety 

Railroad/highway  crossing 
Pavement  marking  demonstration 
Hazard  elimination  program 
Safer  off-system  roads 
Emergency  relief  (23  USC  125) 
Also  specific  projects  for: 


Intersection  channelization  projects 
Shoulder  improvements 

Truck  size  and  weight  inspection  stations 
Safety  improvement  programs 
Intersection  signalization  projects 
Railroad/highway  crossing  warning  devices 
Changes  in  vertical  and  horizontal  alignments 
Increasing  sight  distance 

Guardrails,  median  barriers,  crash  cushions 
Pavement  resurfacing  and/or  rehabilitation 
Widening  narrow  pavements  or  reconstructing  bridges 
(less  than  one  travel  lane) 
Noise  attenuation 
Fencing 

Skid  treatments 
Safety  roadside  rest  areas 
Other  traffic  control  devices 
Truck  climbing  lanes 
Lighting  improvements 
Adding  medians 
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Ma33  Transit 


Purchase  of  office,   shop,   and  operating  equipment  for 
existing  facilities 

Purchase  of  operating  equipment  for  vehicles   (e.g.  radios, 
fareboxes,   lifts,  etc.) 

Construction  or  renovation  of  power,   signal  and  communica- 
tions systems 

Operating  assistance 

Rehabilitation  of  transit  vehicles 

Reconstruction  or  renovation  of  transit  buildings  and 

structures  (e.g.,  rail  or  bus  operations  buildings, 
storage  and  maintenance  facilities,  stations,  ter- 
minals, and  ancillary  structures) 

Construction  of  small  passenger  shelters  and  information 
kiosks 

Rehabilitation  or  reconstruction  of  track  structures,  track, 

and  trackbed  in  existing  rights-of-way 
Noise  attenuation 

Purchase  of  support  vehicles   (e.g.   autos,  vans) 
Purchase  of  new  buses  and  rail  cars  to  replace  existing 

vehicles  or  for  minor  expansions  of  the  fleet  to 

provide  new  service 
Construction  of  new  bus  and  rail  storage  and  maintenance 

facilities  which  meet  the  conditions  for  a  categorical 

exclusion  specified  in  23  CFR  771 

Air  Quality 

Continuation  of  ridesharing  and  van-pooling  promotion 

activities  at  current  levels 
Bicycle  projects 
Pedestrian  facilities 

Other 

Acquisition  of  scenic  easements 
Plantings,   landscaping,  etc. 
Sign  removal 

Methodolocrv 

Each  project  analysis  utilizes  the  methodology  developed  by 
the  DEP  and  MHD.     Within  each  analysis  the  following  factors  were 
employed: 

o        ADT  -  Existing  ADT  is  factored  from  base  year  data  to 
the  appropriate  study  year  by  the  current  statewide 
average  of  2.5%  annually 

o        Emission  factors  -  all  factors  are  from  EPA  Mobile  4.1 
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o        All  emission  totals  expressed  in  kilograms.     Note  453.7 
grams  =  1  pound  while  1,000  grams  =  1  kilogram. 

The  results  of  the  analysis  described  above  are  illustrated 
in  Table  1. 


Air  Quality  Findings 

As  outlined  in  the  following  table,   an  emissions  analysis 
has  been  conducted  for  non  methane  hydrocarbons  (NMHC)   and  carbon 
monoxide  (CO)  under  the  build  and  no  build  scenarios.  The 
analysis  was  undertaken  for  FY  1993-1995  projects  provided  that 
the  project  has  sufficiently  progressed  in  the  design  process  to 
be  able  to  obtain  adequate  information  regarding  proposed  geo- 
metries,  layout,  signal  phasing  and  timing,  et  cetera.  The 
results  for  each  project  are  summarized  in  Table  1.     The  inter- 
section analysis  sheets  for  each  project  are  provided  in  Appendix 
B. 


TABLE  1 

Air  Quality  Analysis  Findings 


Project  Location 

VFW  Highway/Bridge  St., 
Lowell 


Existing  Conditions 
Delay  (Hrs./Day) 


Build 
No  Build 
Net 


52.39 
376.57 
-324 . 18 


Analysis 
Year 

Build  Year 
Build 
No  Build 
Net 

1995 
Build 
No  Build 
Net 

1996 
Build 
No  Build 
Net 


Emissions 

(Kg/day) 
NMHC  CO 


5.27 
4.  33 
-0.  94 


Not 
Required 


5. 15 
3  .  68 
■1.47 


1111. 55 
913 . 58 
-197 . 96 


989 . 38 
886. 19 
-103 . 18 


Not 
Required 


1999 

Build  6.62  Not 

No  Build  6.26  Required 

Net  0.3  6 
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Project  Location 

Route  3 8 /Rogers  St.,  Im- 


Analysis 
Year 

Build  Year 


NMHC 


Emissions 

(Kg/day) 
CO 


provement  Project,  Lowell 

Build 

0.  39 

81. 

9 

No  Build 

1.34 

281. 

7 

Existing  Conditions 

Net 

-0.95 

-199. 

8 

Delay  (Hrs./Day) 

1995 

Build  211.15 

Build 

Not 

82  . 

83 

No  Build  726.26 

No  Build 

Required 

245. 

47 

Net  -515.11 

Net 

-162. 

64 

1996 
Build 
No  Build 
Net 

1999 
Build 
No  Build 
Net 


0, 
1, 


45 
29 


-0.84 


56 
29 


Not 
Required 


Not 
Required 


-0.73 


Project  Location 

Merrimack  Street,  Dutton 
Street  and  Arcand  Drive/ 
Arcand  Drive  and  French 
Street   (Monument  Square) 


Existing  Conditions 
Delay  (Hrs./Day) 

Build  258.37 
No  Build  1144.95 
Net  -886.58 


Analysis 
Year 

Build  Year 
Build 
No  Build 
Net 

1995 
Build 
No  Build 
Net 

1996 
Build 
No  Build 
Net 


Emissions 

(Kg/day) 
NMHC  CO 


6.  09 
27.00 
•20.91 


N/A 
N/A 
N/A 


6.6 
39.58 
-0.84 


113 . 48 
502 . 63 
-389. 15 


100.44 
563 . 68 
-463 . 24 


Not 
Required 


1999 
Build 
No  Build 
Net 


8.23 
57.06 
•48.83 


Not 
Required 
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In  accordance  with  the  Phase  I  Interim  Guidance  the  follow- 
ing FY  '93  projects  are  exempt  from  air  quality  analysis  as  the 
projects  do  not  impact  vehicle  speed,  usage,   congestion  or  delay: 

1.  School  Street  Bridge,  Lowell  (L-15-10) 

2.  Wilder  Street  Bridge,  Lowell 

3.  Prescott  Street  Bridge,  Pepperell 

4.  River  Street  Bridge,  Westford 

5.  Princeton  Street  Bridge  (Route  3A) ,  Chelmsford 

6.  Pollard  Street  Bridge,  Billerica 

7.  Phineas  Street  Bridge,  Dracut 

8.  Boylston  Street  Bridge,  Lowell 

9.  Lundberg  Street  Bridge,  Lowell 

10.  Plain  Street  Bridge,  Lowell 

11.  Brown  Street  Bridge,  Billerica 

12.  Gray  Street  Bridge,  Billerica 

13.  Aiken  Street  Bridge,  Lowell 

14.  School  Street  Bridge,  Lowell  (L-15-22) 

15.  Town  Farm  Lane,  Billerica 

16.  Aiken  Street  and  V.F.W.  Highway,  Lowell 

Insufficient  information  exists  regarding  the  following 
projects  to  allow  an  air  quality  analysis  to  be  performed.  All 
of  these  projects  are  either  in  the  conceptual  stage  or  in  the 
early  preliminary  design  phase: 

1.  Route  3  widening  project:     Completion  of  a  revised  Draft 
Environmental  Assessment  is  still  currently  underway.  The 
air  quality  analysis  for  the  original  Draft  EA  conducted  in 
1984  is  included  in  Appendix  C,  however,  the  analysis  is 
being  redone  as  it  is  based  on  outdated  traffic  volume  data. 
Design  has  not  yet  been  initiated. 

2.  Route  3A/Tower  Farm  Road,  Billerica,   signalization  project: 
The  project  is  in  the  early  design  stage. 

3.  Route  3A/Pollard  Street/Floyd  Street,   Billerica:     In  early 
design  stage,   insufficient  information  is  available  to  allow 
meaningful  air  quality  analysis. 
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DESCRIPTION  OP  PUNDING  CATEGORIES 


The  explanations  which  follow  outline  the  basic  uses  and 
requirements  of  each  funding  category  as  described  on  the  Inter- 
modal  Surface  Transportation  Efficiency  Act  of  1991  and  utilized 
in  this  TIP.     Specific  information  related  to  a  particular 
roadway's  eligibility  for  these  funds  can  be  provided  by  NMCOG 
(454-8021)   or  the  MHD  District  4  office  (648-6100) .  Questions 
regarding  FTA  funding  are  best  directed  to  the  LRTA  (459-0164)  . 

Highway  Funding 

o        Interstate  Maintenance  -  Finances  such  projects  as 
reconstruction  of  bridges,   interchanges  and  overpasses  along 
existing  interstate  routes.     The  Interstate  Maintenance  Program 
does  not  fund  the  addition  of  new  travel  lanes  except  for  high 
occupancy  vehicle  lanes  and  auxiliary  lanes   (such  as  truck 
climbing  lanes) .     Preventive  maintenance  is  an  eligible  activity 
when  a  state  can  demonstrate  through  its  pavement  management 
program  that  such  activities  are  cost  effective  in  extending 
pavement  or  bridge  life. 

Funding:     Federal  90%/State  10% 

o        National  Highway  Program  -  Finances  construction 
projects  on  major  roadways  which  have  been  designated  highways  of 
National  Significance  under  the  1991  Surface  Transportation 
Assistance  Act.     The  purpose  of  NHS  funds  is  to  provide  an 
interconnected  system  of  principal  arterial  routes  to  serve  major 
population  centers,   airports  and  public  transportation  facil- 
ities, to  meet  national  defense  requirements  and  to  serve  inter- 
state and  interregional  travel. 

Funding:     Federal  80%/State  20% 

o        Hazard  Elimination  -  Finances  construction  and  safety 
improvements  at  locations  deemed  hazardous  in  nature. 

Funding:     Federal  80%/State  20% 

o        Highway  Bridge  Replacement  and  Rehabilitation  - 
Finances  the  replacement  or  maintenance  of  deficient  bridges 
without  concern  for  a  given  bridge's  urban  or  rural  setting. 
Uniquely,  these  funds  may  be  expended  on  any  highway  bridge 
situated  on  a  public  road  whether  on  or  off  the  Federal  Aid 
System.     Projects  such  as  replacement  of  the  School  Street  Bridge 
in  Lowell  and  the  Prescott  Bridge  in  Pepperell  qualify  for  this 
category. 

Funding:     Federal  80%/State  20% 
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o        Surface  Transportation  Program  -  Funds  obligated  under 
this  category  may  be  expended  for  construction,  reconstruction, 
rehabilitation,  resurfacing,  restoration  and  operational  and 
safety  improvements  for  federal  aid  eligible  roadways  and 
bridges.     STP  funds  may  also  be  used  for  capital  costs  for 
transit  projects  eligible  for  assistance  under  the  Federal 
Transit  Act. 

Funding:     Federal  80%/State  20% 

o        Congestion  Mitigation/Air  Quality  Improvement  Program  - 
Program  and  projects  funded  under  this  category  must  contribute 
to  the  attainment  of  a  National  Ambient  Air  Quality  Standard  or 
must  be  included  in  the  State  Implementation  Plan  pursuant  to  the 
Clean  Air  Act  of  1990. 

Funding:     Federal  80%/State  20% 

Transit  Funding 

o        Section  3   (FTA)   -  Federal  discretionary  program  financ- 
ing capital  expenditures  awarded  and  administered  by  FTA. 

Funding:     Federal  80%/State  10%/Local  10% 

NOTE:     Local   (State  and  Local)   overmatch  is  common  in  this 
program. 

o        Section  9   (FTA)   -  Finances  capital,  planning  and 
operating  expenses  for  LRTA  urban  service  areas.     Section  9  funds 
are  awarded  and  administered  by  FTA. 

Funding  for  capital  expenses:     Federal  80%/State  10%/LRTA 
10% 

Funding  for  planning  expenses:     Federal  80%/NMCOG  20% 

Funding  for  operations  expenses:     Federal  50%/State  25%/ 
LRTA  2  5% 

o        Section  18   (FTA)   -  Finances  capital  and  operating 
expenses  for  transit  operations  in  rural  areas.  In 
Massachusetts,  this  section  is  administered  by  the  Executive 
Office  of  Transportation  and  Construction  (EOTC) . 

Funding  for  operating  expenses:     Federal  50%/State  2  5%/LRTA 
25% 

Funding  for  capital  expenses:     Federal  80%/State  10%/LRTA 
10% 
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o        Section  16fbW2)    (FTA) /Mobility  Assistance   (State)  - 
Finances  capital  expenses  for  private  non-profit  organizations  to 
provide  specialized  transit  services  for  the  elderly  and  handi- 
capped populations.     The  Massachusetts  Mobility  Assistance 
Program  extends  these  provisions  to  public  non-profit  agencies. 
These  awards  are  approved  on  a  project  by  project  basis,  funding 
only  capital  expenses  for  the  acquisition  of  specific  types  of 
vans  and  base  station  equipment.     These  funds  do  not  fund  oper- 
ating expenses. 

Funding:     Federal  80%/Local  20% 

Flexible  Funding: 

In  many  cases  funds  allocated  under  the  categories  of 
Surface  Transportation  Program,  National  Highway  Program,  and 
Congestion  Mitigation/Air  Quality  may  be  utilized  for  transit 
projects.     All  funds  in  these  categories  are  funded  at  80% 
Federal/20  %  State  share. 

Project  Funding  Totals  (Highway) 

Table  2  shows  the  total  project  costs  by  funding  category  by 
fiscal  year.     The  total  cost  of  the  FY  'SS-'^gS  TIP  for  all 
federal  aid  funding  categories  is  $61,526,500. 

TABLE  2 

Funding  Totals  by  Funding  Category  by  Fiscal  Year 

Federal  Aid  Projects:  FY   '93  FY   '94  FY  '95 

National  Highway  System  -0-  -0-  $32,400,000 

Surface  Transportation 

Progrcun  -0-  $300,000.  -0- 

Highway  Bridge  Replace- 
ment and  Rehabilitation      $8,563,000.  $6,975,800.  $10,000,000 

Congestion  Mitigation/ 

Air  Quality  $     700,000.  $2,418,000.  -0- 

Hazard  Elimination  $     200.000.  -0-  -0- 

Total  Federal  Aid  $9,463,000.  $9,663,500.  $42,400,000 

Non-Federal  Aid  $  4,007,000.  -0-  -0- 
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LEXICON 


The  terms  defined  below  are  used  throughout  the  Transpor- 
tation Improvement  Program  (TIP) . 


Activity 


Air  Quality  Significance  (AQS) 


Implementing  Agency 


Source  of  Funds 


Hip  II 


TSM 


Proposal,  planning,  engineer- 
ing  (PE) ,   right  of  way  (ROW) , 
construction  (CON)   or  recon- 
struction (RECON)  appropriate 
for  a  given  project's  status. 

Indicates  a  project  which 
influences  vehicle  speed, 
delay  or  usage. 

Identifies  agency  or  agencies 
responsible  for  a  project's 
planning,  design  and  construc- 
tion. 

Level  of  government (s)  - 
Federal,   State,   Local  - 
financing  a  project's  imple- 
mentation. 

iirpii  riotes  a  project  contained 
in  the  current  Comprehensive 
Transportation  Plan. 

Notes  a  project  which  employs 
Transportation  System  Manage- 
ment (TSM)  methods  to  solve  a 
transportation  problem. 
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INDEX 


REGIONAL  HIGHWAY  PROJECTS 

Paga  No. 


BILLERICA 

Boston  Road  at  Tower  Farm  Road  .         .  .  .21 

Boston  Road,   Pollard  Street  and  Floyd  Street  .  .22 

Pollard  Street  Bridge        .         .         .         .  .  .23 

Town  Farm  Lane  Bridge        .         .         .         .  .  .27 

Brown  Street  Bridge  .         .         .         .         .  .  .27 

Gray  Street  Bridge     .......  27 

Andover  Road  Bridge  .         .         .         .         .  .  .37 

Rangeway  Road  Bridge.         .         .         .         .  .  .39 

Manning  Road  Bridge  .         .         .         .         .  .  .39 

Route  3  Widening         .         .         .         .         .  .  .25,36 

CHELMSFORD 

Princeton  Street  Bridge  (Route  3A)    .         .         .  .20 

Route  3  Widening         .         .         .         .         .         .  .25,36 

Bruce  N.   Freeman  Memorial  Bike  Path.         .         .  .26 

Route  129   .........  29 

1-495  Rest  Area.         .......  30 

Riverneck  Road  Bridge         .         .         .         .         .  .38 

Route  3A/North  Road/Princeton  Street         .         .  .39 

DRACUT 

Phineas  Street  Bridge  .  .  .  ,  .  .19 
Route  113  Resurfacing        .         .         .         .         .  .39 

DUNSTAfiLE 

No  Projects 

LOWELL 
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FEDERAL  AID  REGIONAL  PROJECT  LISTING 


I 
I 

II 

I; 
I 


FY  1993 


Federal  80% 

State       20%  CONGESTION  MITIGATION/AIR  QUALITY 

Local 


Source  Est.  Imple- 

Facility  -  of  Cost.  aenting 

Community  Project  Description  Funds         (000 ' s )  Agency 


Merrimack  Street,  Reconstruction  of  the  intersections  of 


Dutton  Street, 
and  Arcand  Drive 
Lowell 

AQS  T 


Merrimack  Street,  Dutton  Street,  and 
and  Arcand  Drive,  and  French  Street  and 
Arcand  Drive 
Project  I.D.#:  040405 


Federal 
State 
Local 
Total 


560 
140 

700 


MHD 


Activity  CON 


17 


FY  1993 


Federal  80% 
State  20% 
Local 


HAZARD  ELIMINATION 


Facility  - 
Community 


Project  Description 


VFH  Highway,   and     Signal  upgrade. 
Aiken  Street  Project  I.D./:  180132 

Lowell 

T 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 
(000 ' s) 

160 

40 

200 


Imple- 
ment ing 
Agency 

MHD 


Activity 


CON 


18 


FY  1993 


Federal 

State 

Local 


80% 
20% 


HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Facility  - 
Conununity 

School  Street 

Bridge, 

Lowell 

L-15-10 


Prescott  St. 

Bridge 

Pepperell 

P-6-13 


Phineas  Street 

Bridge 

Dracut 

D-11-5 


Project  Description 

Replace  School  Street  Bridge  over 
railroad  tracks  and  canal. 
Project  I.D./:  127751 


Reconstruction  and  related  work  for 
the  Prescott  Street  Bridge  over  the 
Nissitissit  River. 
Project  I.D./:  058370 


Complete  replacement  of  existing  bridge 
and  related  approach  roadway. 
Project  I.D./:  021110 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 

Cost 
(000 ' s) 

4480 

1120 


5600 


Activity  RECON 

Federal  538.4 
State  134.6 

Local   

Total  673 

Activity  RECON 

Federal  960 

State  240 

Local   


Total 


1200 


Activity  CON 


Imple- 
menting 
Agency 

MED 


MED 


MED 


Plain  Street 

Bridge 

Lowell 

L-15-2 


Bridge  reconstruction  over  the  Conrail 
Railroad . 

Project  I.D.#:  056550 


Federal 
State 
Local 
Total 


800 
200 

1000 


MED 


Activity  RECON 
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FY  1993 


Federal  80% 
State  20% 
Local 


HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Facility  - 
CommunitY 


Project  Description 


Princeton  Street  Deck  replacement  over  B&M  Railroad  and 

Bridge   (Route  3A)  Stony  Brook. 

Chelmsford  Project  I.D./:  109800 

C-8-3 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 

Cost 
fOOO ' s) 

72 

18 


90 


Imple- 
menting 
Agency 

MHD 


Activity  RECON 


20 


^ 

Federal  80% 
State  20% 
Local 


FY  1994 


SURFACE  TRANSPORTATION  PROGRAM 


Facility  - 
ConununitY 

Boston  Road  at 
Tower  Farm  Road 
Billerica 


Project  Description 

Geometric  improvesvents ,   signals  and 
related  improvements. 
Project  I.D.#:  006822 


Source 

of 
Funds 

Federal 

State 


Est. 

Cost 
(000 ' s) 

270 

30 


Imple- 
menting 
Agency 

MHD 


AQS  Local 


Total 300 


Activity  RECON 


21 


^  ^* 

Federal  80% 
State  20% 
Local 


FY  1994 


CONGESTION  MITIGATION/AIR  QUALITY 


Facility  - 
ConununitY 

Boston  Road 
(Route  3A) , 
Pollard  and 
Floyd  Street, 
Billerica 

AQS  T 


Project  Description 

Reconstruction,  geometric  improvements 
and  signal  upgrade. 
Project  I.D./:  006821 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 
fOOO ' s) 

654.4 

163.6 


818 


Activity  CON 


Imple- 
menting 
Agency 

MHD 


Route  38/Rogers 

Street 

Lowell 

AQS  T 


Widening  and  related  improvements  and 
from  Clark  Road  to  Douglas  Road. 
Project  I.D.#:  112180 


Federal  1280 

State  320 

Local   

Total  1600 


MHD 


Activity  CON 
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Federal  80% 
State  20% 
Local 


FY  1994 


HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Facility  - 
Commnity 


Project  Description 


Boylston  Street      Bridge  reconstruction  over  the  B&M 


Bridge 
Lowell 

L-15-5 


Pollard  Street 

Bridge 

Billerica 

B-12-5 


Railroad. 

Project  I.D.#:  007105 


Bridge  reconstruction  over  the  Concord 
River. 

Project  I.D.#:  058020 


Source 

of 
Frmds 

Federal 

State 

Local 

Tcral 


Est. 

Cost 

(000 ' 8> 

800 
200 


1000 


Acr:Lvity  RECON 

Federal  1400 

Scaze  360 

Local   

Tcral  1800 


Acc-vity  RECON 


Inple- 
■enting 

Agency 

MHD 


MHD 


Lundberg  Street 

Bridge 

Lowell 

L-15-6 


Bridge  reconstruction  over  the  BSLM 
Railroad. 

Project  I.D.#:  040891 


Federal  1500 
Stare  37  5 

LocaJ.   

Tccal  1875 


MHD 


Activity  RECON 


23 


Federal 

State 

Local 


80% 
20% 


Facility  - 
CommunitY 

Wilder  Street 

Bridge 

Lowell 

L-15-12 


FY  1994 


HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Project  Description 

Bridge  reconstruction  and  related  work 
over  B&M  Railroad. 
Project  I.D.#:  142810 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 

Cost 

roGO ' s> 

1200 
300 


1500 


Activity  RECON 


Iiq>le- 
■enting 
Agency 

MHD 


River  Street 
Bridge 
Westf ord 

W-26-10 


Bridge  reconstruction  over  BSM 
Railroad. 

Project  I.D./:  060950 


Federal 
State 
Local 
Total 


640 

160 

800 


KHD 


Activity  RECON 


24 


m 


Facility  - 
CommunitY 

Route  3 

Billerica, 

Chelmsford 

AQS 


^hi 

^^^^^ 

Federal  80% 
State  20% 
Local 


FY  1995 


NATIONAL  HIGHWAY  PROGRAM 


Project  Description 

Route  3  widening  project  from  Route  128 
to  Route  129  (Phase  lA) 
Project  I.D.#:  107700 


Source 

of 
Funds 


Est. 

Cost 
(OOP • s) 


Federal  12400 

State  3100 

Local   

Total  15500 

Activitv  CON 


laple- 

■enting 
Agency 

MHD 


Route  3 

Chelmsford, 

Lowell 

AQS 


Route  3  widening  project  from  Route  129 
to  Drum  Hill  (Phase  IIA) 
Project  I.D./:  107700 


Federal  13520 

State  3380 

Local   

Total  16900 


MHD 


Activity  CON 


25 


4 


FY  1995 


Federal  80% 
State  20% 
Local 


TO  BE  ANNOUNCED 


Facility  - 
Comaunity 

Bruce  N.  Freeman 
Memorial  Bike 
Path  (previously 
known  as  Lowell- 
Sudbury  Bike 
Path) 

AQS 


Project  Description 

Design  and  construction  of  Phase  I  of 
the  Bike  Path  extending  from  Lowell  to 
Westford. 

Project  I.D.#:  N/A 


Source 
»of 


Est. 
Cost 


laple- 

menting 


Funds         (000 ' s>  Agency 

Federal        N/A  MHD 
State  N/A 

Local   

Total  N/A 

Activity  DES/CON 
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STATEWIDE  FEDERAL  AID 
PROJECT  LISTING 


FY  1995 


Federal 

State 

Local 


80% 
20% 


HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Facility  - 
rnMiinity 

Tows  Farm  Lane 

Bridge 

Billerica 

B-12-11 


Brovr:  Street 

Bridge 

Billerica 

B-12-14 


Gray  Street 

Bridge 

Billerica 

B-12-14 


Project  Description 

Bridge  reconstruction  over  the  B&M 
Railroad. 

Project  I.D.#:  134205 


Bxidge  reconstruction  over  the  B&M 
Railroad. 

Project  I.D.#:  009549 


aridge  reconstruction  over  the  B&M 
Railroad. 

Project  I.D.#:  029449 


Source 

of 
Fvmds 

Federal 

State 

Local 

Total 


Est. 
Cost 
(OOP' s) 

800 

200 


1000 


Activity  RECON 


Federal 
State 
Local 
Total 


800 
200 

1000 


Activity  RECON 


Federal 
State 
Local 
Total 


800 
200 

1000 


Activity  RECON 


lapltt- 
■enting 
Agency 

MHD 


MHD 


MHD 


Aiken  Street 

Bridge 

Lowell 

L-15-20 


Bxidge  reconstruction  over  the 
Merrimack  River. 
Project  I.D.#:  000910 


Federal 
State 
Local 
Total 


4000 
1000 

5000 


MHD 


Activity  RECON 
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FY  1995 


Federal  80% 

State       20%  HIGHWAY  BRIDGE  REPLACEMENT 

Local  AND  REHABILITATION 


Facility  - 
Comunity 

School  Street 

Bridge 

Lowell 


Project  Description 

Bridge  reconstruction  over  the 
Northern  Canal 
Project  I.D.#:  127750 


Source 

of 
Fvmds 

Federal 

State 


Est. 
Cost 
f 000 ■ 8> 

1600 

400 


Imple- 
menting 
Agency 

MHD 


L-15-22  Local 


Total  20C0 


Activity  RECON 


28 


Federal  90% 
State  10% 
Local 


INTERSTATE  MAINTENANCE 


Facility  - 
Comnunity 

Statewide 


Statewide 


Project  Description 

Infrastructure  improvements;  includes 
guardrail,   call  boxes,  highway 
lighting,   impact  attenduators. 


Bridge  decks  and  bridge  painting. 


FY  1993 


Source 

of 
F\md8 

Federal 

State 

Local 

Total 


Est. 

Cost 
(000 ' s) 

1080 

120 


1200 


Imple- 
menting 
Agency 

MHD 


Activity  Maintenance 


Federal 
State 
Local 
Total 


1200 
300 

1500 


MHD 


Activity  Maintenance 


Statewide 


Preliminary  engineering 


Federal  72  MHD 

State  8 

Local   

Total  80 

Activity  Preliminary 
Engineering 


29 


FY  1993 


Facility  - 
Co—unity 

Statewide 


Federal  80% 
State  20% 
Local 


SURFACE  TRANSPORTATION  PROGRAM 


Project  Description 

Resurfacing 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 
fOOO ■ s> 

960 

240 


1200 


Imple- 
menting 
Agency 

MHD 


Activity  Maintenance 


Statewide 


Infrastructure  improveoents  including 
guardrail,   call  boxes,  highway 
lighting,   impact  attenuators, 
landscaping,  pavement  markings, 
signing. 


Federal 
State 
Local 
Total 


400 
100 

500 


MHD 


Activity  Maintenance 


Statewide 


Preliminary  engineering 


Federal  160  MHD 

State  40 

Local   

Total  200 


Activity  Preliminary 
Engineering 


30 


^ 

^^^^^ 

Federal  80% 
State  20% 
Local 


FY  1993 


CONGESTION  MANAGEMENT/AIR  QUALITY 


Facility  - 
CommunitY 

Statewide 


Statewide 


Statewide 


Project  Description 

Installation  of  State  Police  cellular 
phone  lines. 


Right  of  way 


Preliminary  engineering 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 

(000 ■ s) 

80 
20 


100 


Activity  CON 


Federal 


400 


100 


State 

Local   

Total  500 

Activity  CON 

Federal  80 

State  20 
Local 


Total 


100 


laple- 

■enting 

Agency 

MHD 


MHD 


MHD 


Activity  Preliminary 
Engineering 


Statewide 


Electric  vehicle  pilot  program. 


Federal 
State 
Local 
Total 


2128 
532 

2660 


MHD 


Activity  Demonstration 
Program 


31 


Federal  80% 
State  20% 
Local 


BRIDGES 


Facility  - 
ConuBunity 

Statewide 


Project  Description 

Off -system  footprint  bridge  program. 


Statewide 


Preliminary  engineering 


Statewide 


Bridge  inspection  program 


Statewide 


Right  of  way 


32 


FY  1993 


Source  Est. 

of  Cost 

Funds  (OOP ' s) 

Federal  600 

State  150 

Local   

Total  750 


Imple- 
menting 
Agency 

MHD 


Activity  Maintenance 


Federal 
State 
Local 
Total 


96 
24 


MHD 


120 


Activity  CON 


Activity 

Maintenance 

Federal 

1600  MHD 

State 

400 

Local 

Total 

2000 

Activity 

Preliminary 

Engineering 

Federal 

800  MHD 

State 

200 

Local 

Total 

1000 

FY  1993 


Federal  80% 
State  20% 
Local 


NATIONAL  HIGHWAY  SYSTEM 


Facility  - 
Community 

Statewide 


Statewide 


Project  Description 

Resurfacing 


Bridge  decks  and  bridge  repainting 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 

Cost 


Imple- 
menting 


f 000 ' s)  Agency 
1600  MHD 
400 


2000 


Activity  Resurfacing 


Federal 
State 
Local 
Total 


1200 
300 

1500 


MHD 


Activity  Maintenance 


Sr atewide 


Inf rastr^icture  improvements;  includes 
guardrail,   call  boxes,  highway 
lighting,   impact  attenuators, 
landscaping,  pavement  markings, 
signing. 


Federal 
State 
Local 
Total 


1200 
300 

1500 


MHD 


Activity  Maintenance 
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FUTURE  PROJECTS 


Fac 
Coi 

R:. 

Che 


$$$$$  Future  Projects 

Federal    80%  FY  1996  &  1997 

state       20%  SURFACE  TRANSPORTATION  PROGRAM 

Local 


Source 

Est . 

Imple- 

Facility - 

of 

Cost 

menting 

Comaxmitv 

Proiect  Description 

Funds 

(000 ' s> 

Aqencv 

Rouie  129 

Reconstruction  of  Route  129  from  Alpha 

Federal 

1600 

MHO 

Chelmsford 

Road  to  Industrial  Avenue. 

Project  I.D./:  089003 

State 

400 

AQS  T 

Local 

Total 

2000 

Activity 

CON 

Lakeview  Avenue      Reconstruction  and  related  intersection  Federal        N/A  MHD 

and  Parham  Road,  improvements. 

Tyngsborough  Project  I.D.#:   500015  State  N/A 

Local   

Total  N/A 

Activity  RECON 
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Future  Projects 


Facility  - 
ConuBunity 

1-495 

Chelmsford 


Route  3 
B  illerica, 
Chelmsford 

AQS 


Federal  80% 

State  20% 
Local 


FY  1996  &  FY  1997 

NATIONAL  HIGHWAY  PROGRAM 


Route  3 

Chelmsford, 

Lowell 

AQS 


Project  Description 

Lengthen  roadside  rest  areas  currently 
on  1-495. 

Project  I.D.#:  066101 


Route  3  widening  from  Route  128  to 
Route  129   (Phase  IB). 
Project  I.D.#:  107700 


Route  3  widening  from  Route  129  to  Drum 
Hill   (Phase  IIB) . 
Project  I.D.#:  107700 


Source 

of 
Funds 

Federal 

State 

Local 

Toral 


Est. 
Cost 
(000' s) 

240 

60 


300 


Activity  CON 

Federal  10240 
State  2160 
Local   


Total  12400 
Activity  CON 

Federal  13520 

State  3380 

Local   

Total  16900 

Activity  CON 


iMple- 
■enting 
Agency 

MHD 


MHD 


MHD 


Route  3 
Chelmsford, 
West ford, 
Tyngsborough 


Route  3  widening  from  Drum  Hill  to  the 
New  Hampshire  State  line  (Phase  III). 
Project  I.D.#:  107700 


Federal  31040 

State  6960 

Local   

Total  38800 


MHD 


Activity  CON 


36 


1 


^hi 

Federal  80% 
State  20% 
Local 


Future  Projects 

FY  1996  &  FY  1997 

HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Facility  - 
CommunitY 

1-495  Bridges 
Lowell 

L-15-83 
L-15-84 


Andover  Road 

Bridge 

Billerica 

B-12-13 


Hale  Street 

Bridge 

Lowell 

L-15- 


Project  Description 

Deck  replacement  for  two  1-495  bridges 
Project  I.D.#:  068611 


Bridge  reconstruction. 
Project  I.D.#:  002001 


Complete  replacement  of  existing  bridge 
over  B&M  Railroad. 
Project  I.D.#: 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 

f 000 • s) 

800 
200 


1000 


Activity     RE CON 


Federal 
State 
Local 
Total 


800 
200 

1000 


Activity  RECON 


Federal 
State 
Local 
Total 


800 
200 

1000 


Activity  CON 


Imple- 
fflenting 
Agency 

MHD 


MHD 


MHD 


Route  111/119 

Bridge 

Pepperell 

P-6-1 


Bridge  reconstruction  over  the  Nashua 
River . 

Project  I.D.#:  029910 


Federal 
State 
Local 
Total 


640 
160 

800 


MHD 


Activity  RECON 
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Federal  80% 
State  20% 
Local 


Future  Projects 

FY  1996  &  FY  1997 

HIGHWAY  BRIDGE  REPLACEMENT 
AND  REHABILITATION 


Facility  - 
Conuaunity 

Riverneck  Road 
Chelmsford 

C-8-14 


Walker  Street 

Bridge 

Lowell 

L-15-11 


Project  Description 

Deck  replacement;  Riverneck  Road  Bridge 
Bridge  over  Route  3. 
Project  I.D.#:  061020 


Replace  bridge  over  B&M  Railroad, 
Project  I.D.#:  180503 


Source 

of 
Fxinds 

Federal 

State 

Local 

Total 


Est. 

Cost 
(OOP • s) 

800 

200 


1000 


Activity  RECON 

Federal  1200 
State  300 

Local   

Total  1500 

Activity  RZCON 


Imple- 
menting 
Agency 

MHD 


MHD 


Moody  Street 

Bridge 

Lowell 

L-15-48 


Reconstruction  of  Moody  Street  Bridge 
over  the  Western  Canal. 
Project  I.D,/:  500010 


Federal 
State 
Local 
Total 


N/A 
N/A 

N/A 


MHD 


Activity  RECON 
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NON  FEDERAL  AID  PROJECTS 


Fac 
Coi 

Kan 
BU 

B-1 
B-1 


S:r 

Che 


Rou' 

trCVl 


FY  1993 


Federal 

State 

Local 


100% 


NON  FEDERAL  AID 


Facility  - 
Community 

Rangeway  Road/ 
Manning  Road 
Billerica 

B-12-25 
B-12-26 


Route  3A/North 
Road/Princeton 
Street 
Chelmsford 


Project  Description 

Bridge  reconstruction  for  two  bridges 
over  Route  3 . 
Project  I.D.#:  005805 


Signal  upgrade. 
Project  I.D./:  1098C: 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 

Cost 

(000 ' s) 


475 


475 


Activity  RECON 
Federal 

State  200 
Local 


Total 


200 


Activity  CON 


Imple- 
menting 
Agency 


MHD 


MHD 


Route  113 
Lowell/Dracut 


Resurface  Route  113  in  Lowell  and 
Dracut  for  a  distance  of  3.6  miles, 
Project  I.D./:  081455 


Federal 

State  600 

Local 


Total 


600 


MHD 


Activity  RESURF 
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FY  1993 


Federal 
State  100% 
Local 


NON  FEDERAL  AID 


Facility  - 
ComaunitY 


Project  Description 


VFW  Highway  at        Signal  upgrade  and  related  improvements 
Mammoth  Road  and     at  two  locations. 
University  Avenue  Project  I.D./:  180133 
Lowe 1 1 


VFW  Highway 
Lowell 


Resurfacing  of  VFW  Highway  in  Lowell, 
Project  I.D./:  180131 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 

Cost 
f 000 • s) 


232 


laple- 
■enting 
Agency 


MHD 


232 


Activity  CON 
Federal 

State  1200  MHD 

Local   

Total      ■  1200 

Activity  RESURF 


Route  3A/ 
Middlesex  Road 
Tyngsborough 

AQS 


Signal  upgrade  at  two  locations: 

(1)  Middlesex  Road  and  Westford  Road 

(2)  Middlesex  Road  and  Kendall  Road 
Project  I.D./:  160095 


Federal 

State  300 

Local   

Total  300 


MHD 


Activity  RECON 
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TRANSIT  PROJECTS 

FY  1993  -  1995 


Ci 

A: 

Lf 


T 


Federal    80%  SECTION  3 

State  10% 
Local  10% 


FY  1993 


Facility  - 
Comamnity 

Capital 
Assistance 


Project  Description 

Replace  13  GMC  RTA  buses  with  35-40 
foot  heavy  duty  wheelchair  lift 
equipped  transit  coaches.  Purchase 
radios  and  fareboxes  for  these 
vehicles . 


Source 

of 
Funds 

Federal 

State 

Local 

Total 

Activity 


Est. 
Cost 
f 000 ' s) 

2340 

585 


2925 


I^la- 
•enting 
Agency 

LRTA 


41 


Capital  Operating 
Federal     80%  50% 


State 
Local 


10% 
10% 


25% 
25% 


SECTION  9 


Facility  - 
Co—iinitY 

Operating 
Assistance 

LRTA 


Project  Description 

Improve  and  maintain  fixed  route  bus 
service  and  special  services  to  the 
elderly  and  handicapped. 


FY  1993 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 
fOOO ' «> 

1265 

1291 

810 

3366 


laple- 
■enting 
AQencY 

LRTA 


Activity 


Capital 
Assistance 


Planning 
Assistance 


Bus  and  bus  related  facilities 
Spare  parts 

Four  16-18  passenger  minibuses 

Federal  match  for  two  mobility 
assistance  program  vehicles 

Paige  Street  Transit  Center  renovations 

ADA  accessibility  improvements  to  CAGTT 

Computer  equipment  and  software 
(Administrative  and  Road  Runner) 

Rehab  administrative  offices 

Administrative/ supervisory  vehicle 

Bus  garage  improvements: 
Bus  lift  rehabilitation 
Pumping  system  replacement 

Planning  contract  with  NMCOG 


Federal 
State 
Local 
Total 


Activity 


Federal 


312 
39 

39 
390 


LRTA 


48 


State 
Local 
Total  60 


12 


LRTA 


Activity 
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FY  1993 


Federal  20% 

State       80%  MOBILITY  ASSISTANCE  PROGRAM 

Local 


I  Facility  - 
Coaminity 


Capital 
Assistance 


Project  Description 

Purchase  eight  lift  equipped  vehicles 
for  E&H  service  -  six  for  replacement 
two  additional  for  ADA  "floater" 
vehicles 

Road  Runner  computerized  paratransit 
scheduling  system  upgrade  (partial) 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 

(000 • s) 

68 
274 


342 


Imple- 
menting 
Agency 

LRTA 


Activity 


1 1 
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If 


PI 

As 
13 


^^^^^ 

Capital  Operating 
Federal     80%  50% 


State 
Local 


10% 
10% 


25% 
25% 


SECTION  9 


Facility  - 
CommunitY 

Operating 
Assistance 


Project  Description 

Fixed  route 


FY  1994 


Source 

of 
Funds 

Federal 

State 

Local 

Total 


Est. 
Cost 
fOGO ' s> 

1328 

1356 

830 
3514 


Imple- 
menting 
AqencT 

LRTA 


Activity- 


Capital 
Assistance 


LRTA 


Bus  and  bus  related  facilities 
Spare  parts 

Federal  match  for  four  mobility 
assistance  program  vehicles 

Lift  replacement  for  Tewksbury 
maintenance  facility  Phase  II  rwo 
lifts. 


Federal 
State 
Local 
Total 


Activity 


113 
184 

297 


LRTA 


Planning 
Assistance 

LRTA 


Planning  contract  with  NMCOG 


Federal  49.2 
State 

Local  12 . 3 

Total  61.5 

Activity 


LRTA 
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tf*  tf*  tf* 

Federal  20% 
State  80% 
Local 


FY  1994 


MOBILITY  ASSISTANCE  PROGRAM 


Facility  - 
Coaaunity 

Capital 
Assistance 

LRTA 


Project  Description 

Purchase  of  lift  equipped  vehicles  for 
E&H  service 


Source 

of 
Funds 

Federal 

State 

Local 

Total 

Activity 


Est. 
Cost 

fOOO ' s) 

41 
166 


207 


Imple- 
menting 
Agency 

LRTA 


11 


p: 

i! 

u 


46 


Facility  - 
ComaunitY 

Operating 
Assistance 

LRTA 


Capital 
Assistance 


LRTA 


Planning 
Assistance 

LRTA 


Capital  Operating 
Federal     80%  50% 


State 
Local 


10% 
10% 


25% 
25% 


SECTION  9 


Project  Description 

Fixed  route 


Bus  and  bus  related  facilities 
Spare  parts 

Radio  system  for  E&H  vehicles 


Planning  contract  with  NMCOG 


FY  1995 


Source 

of 
Fund* 

Federal 

State 

Local 

Total 


Est. 
Cost 
(000 ' s) 

1395 

1423 

851 

3669 


Activity 

Federal 
State 
Local 
Total 


41.6 
10.4 

52 


Activity 

Federal 

State 

Local 

Total 

Activity 


50.4 


12.6 


63 


laple- 
■enting 

Agency 

LRTA 


LRTA 


LRTA 
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PROJECT  LOCATION 

a.  River  Street  Bridge 

b.  Route  3  Widening  \ 

c.  Bruce  N.  Freeman  Memorial  Bike  Path  ^' 


PRIVATE  SECTOR  PARTICIPATION 


The  LRTA  demonstrates  a  long  history  of  involving  the 
private  sector  in  the  provision  of  LRTA  services. 

All  LRTA  service  is  contracted  to  private  operators  through 
operating  contracts  with  the  following  private  bus  operators: 

LoLaw  Transit  Management,  Inc. 

Leasing  Systems  Development  Corporation 

Tewksbury  Transit 

Ronald  H.  Rajaniemi  Company 

These  contractors  participate  actively  in  the  LRTA  capital 
planning  process. 

The  Northern  Middlesex  Metropolitan  Planning  Organization 
(MPO)  which  includes  both  the  LRTA  Advisory  Board  and  the 
Northern  Middlesex  Council  of  Governments  has  adopted  a  "Private 
Sector  Policy"  consistent  with  UMTA  requirements  as  set  forth  in 
the  Federal  Register  October  22,   1984.     The  policy  was  formally 
adopted  March  26,  1987. 

It  is  part  of  this  policy  to  circulate  the  TIP  and  all  other 
MPO  Certification  Documents  to  "Private  Sector"  transportation 
providers  in  the  area.     A  list  of  these  providers  is  included  at 
the  end  of  this  section.     Both  the  TIP  and  the  UWP  have  been 
circulated  to  this  list  during  the  previous  fiscal  year.  There 
are  no  new  services  or  service  proposals  contained  in  this  TIP 
and  therefore  no  opportunities  for  increased  private  sector 
involvement  or  proposals  to  be  solicited. 

During  FY  '87,  however,   in  accordance  with  the  FTA  policy  of 
opening  existing  contracts  to  competition  the  LRTA  put  out  to 
competitive  bidding  its  entire  E&H  (Road  Runner)   operation.  In 
addition  management  services  for  fixed  route  operations  were  com- 
petitively bid  in  the  Fall  of  1987.     During  this  process  no  im- 
pediments to  private  sector  involvement  have  been  made  apparent. 
No  private  sector  complaints  have  been  received.     LRTA  is  cur- 
rently operating  on  five  year  contracts  for  fixed  route  and  E&H. 

Private  Sector  Capital  Investment  Strategies 

The  LRTA  continues  to  be  active  in  the  planning  and  develop- 
ment of  a  public/private  joint  venture  project  involving  a 
satellite  bus  facility/pedestrian  access  on  Authority  owned  land 
immediately  adjacent  to  the  Charles  A.   Gallagher  Transportation 
Terminal.     The  public  portion  of  this  project  is  presently 
nearing  completion  and  marketing  efforts  to  attract  a  "private" 
development  client  continue. 
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Both  public  and  private  interests  were  represented  on  the 
planning  committee  for  this  project.     The  committee  was  chaired 
by  the  director  of  the  Lowell  Plan,  representing  the  interests  of 
private  sector  commercial  and  industrial  enterprises  in  Lowell. 
Additional  members  represent  the  LRTA,   the  Chambers  of  Commerce 
Northern  Middlesex,  City  of  Lowell   (City  Manager's  Office  and  the 
Division  of  Planning  and  Development)   the  Commonwealth  of 
Massachusetts  Division  of  Capital  Planning  and  Operations   (DCPO) . 
Other  resources  available  to  the  committee  and  attending  most 
meetings  are  the  Commonwealth  of  Massachusetts  EOTC,  LoLaw 
Transit  Management  (LRTA's  largest  private  operator) ,  NMCOG,  and 
UMTA.     The  planning  studies  that  have  gone  into  the  preparation 
of  this  project  are  listed  on  Page  2  of  this  TIP. 

Financial  Capacity: 

The  LRTA  reviews  its  financial  capacity  annually  relative  to 
the  availability  of  Federal  funds.   State  funding,   and  local 
assessment.     Federal  funding  involves  the  availability  of  FTA 
Section  9  apportionments,  carryover  funding,  and  funds  that  may 
be  de-obligated  from  previous  grants  for  capital,  planning  and 
operating  assistance.     State  funding  is  available  to  LRTA  to 
match  Federal  Capital  and  operating  assistance.     Additional  State 
"contract  assistance"  funding  is  available  from  time  to  time 
primarily  for  assistance  to  capital  projects.     Member  communities 
are  assessed  for  local  share  based  on  service  received.  The 
level  of  assessment  to  member  communities  is  limited  to  increase 
only  2.5%  per  year  under  Massachusetts'  Proposition  2  1/2.  Local 
assessments  are  used  to  match  Federal  capital  and  operating 
funds.     The  Northern  Middlesex  Council  of  Governments  (NMCOG) 
provides  local  match  for  planning  activities  in  which  it  par- 
ticipates . 

The  present  LRTA  Administration,  which  started  in  1983,  has 
instituted  an  improved  program  of  monitoring  capital  and 
operating  expenses  through  monthly  status  reports.  Additional 
projections  and  analysis  are  done  at  the  time  of  budget  prepara- 
tion.    As  a  result,  LRTA  has  been  able  to  keep  operating  expenses 
within  Proposition  2  1/2  and  maintain  tight  control  of  the  amount 
that  needs  to  be  borrowed  in  anticipation  of  revenues.     An  addi- 
tional benefit  to  this  strong  financial  position  has  been 
aggressive  bidding  by  banks  for  this  borrowing,  resulting  in 
improved  interest  rates. 

For  the  Gallagher  Terminal  addition  project,   $1.34  million 
of  federal  money  is  leveraging  $1.34  of  State  EOTC  Capital 
Assistance  Program  money,   $540,000  local  share,   2.5  million  MBTA 
Bond  Issue  money  and  $2.5  million  Mass  Off-Street  Parking  money 
for  a  total  of  8.6  million  for  the  public  portion  of  the  project 
which  could  generate  additional  private  investment. 


It  is  anticipated  that  when  a  public/private  partnership  is 
negotiated  it  will  generate  an  estimated  $250,000  in  revenue 
annually  for  LRTA  to  the  direct  benefit  of  local  transit  opera- 
tions.    The  public  portion  as  presently  constituted  will  save  the 
LRTA  $12,000.00  per  year  in  rent  for  the  Road  Runner  Operation 
and  through  a  change  in  design  to  accommodate  additional  office 
space,   LRTA  will  receive  an  additional  $22,000.00  per  year  in 
rent  from  the  Northern  Middlesex  Council  of  Governments. 

Because  of  its  revenue  generation  potential  this  project  is 
viewed  as  a  positive  investment  in  the  future  by  LRTA.  Federal 
capital  and  operating  revenues  will  be  stretched  tight  during  the 
next  two  years  but  not  to  the  point  of  affecting  service.  Upon 
completion,  however,  the  revenue  generated  by  the  private  portion 
of  the  project  will  permit  LRTA  to  maintain  its  present  level  of 
service  in  the  face  of  potentially  declining  operating  subsidies. 


[ awea-hha . abr ] 
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Private  Transportation  Providers  Operating  in  LRTA  Service  Area 


Bus  Lines 


Provider 

National  School  Bus 

Trembly  Motor  Coach 
Hudson  Bus  Lines 
Leasing  Systems  Development 

Corporation* 
Chelmsford  Council  on 
Aging* 

Dracut  Council  on  Aging* 
Tyngsborough  Council  on 

Aging* 
Rajaniemi,  Inc.* 
LoLaw  Transit  Management, 

Inc.  * 

Hillcrest  Wheel  Chair 

Service 
Bay  State  Ambulance  & 
Wheelchair  Service 
Laidlaw  Transit 
Handi-Van 
Pierce  Transit 
EMT  Corp.    (Everyday  Medi- 
cal Transportation, 
Brian  Mercer,  Pres.) 
Medicar,   Inc.  41  Osgood  Street,  Lowell 

(Contacts:  Marlene  Kaplin  or  Sotheavy  Lee) 
R.C.  Herrmann  Bus  Company     2  50  Littleton  Road,  Westford 
Trailways  Bus  System**  101  Thorndike  St. ,  Lowell 

Vermont  Transit**  101  Thorndike  St.,  Lowell 

Peter  Pan**  101  Thorndike  St.,  Lowell 

Lowell  Transportation,   Inc.  246  Adams  St.,  Lowell 
Medical  Ride  16  Pine  St.,  Lowell 

Trinity  Health  Care 

Transport  170  Perry  St.,  Lowell 


Address 

15  Pevey  Street,  Lowell 
Ward  Way,  North  Chelmsford 
1480  Broadway  Road,  Dracut 

16  Pond  Street,  Nashua 

391  School  Street,  Lowell 

1  North  Road,  Chelmsford 
951  Mammoth  Road,  Dracut 

Lakeview  Avenue,  Tyngsborough 
3  68  Main  Street,  Townsend 

Clark  Road,  Tewksbury 

P.O.   Box  165,  Dracut 

154  Moody  Street,  Lowell 
58  Union  Street,  Methuen 
40  Perry  Street,  Lowell 
441  Textile  Avenue,  Dracut 
75  Hillside  Avenue,  Lawrence 


Telephone 


458- 
251- 
453- 
649- 


458- 
683- 
453- 
957- 
686- 


459' 

452' 

692 

459- 

459' 

459- 

453- 

453- 


•3316 
•4901 
•1932 
•6061 


475-4310 

256-0013 
957-2611 

649-9211 
597-2687 

452-6161 

947-5109 


•6321 
•7034 
•4317 
■2016 
■1199 


•3848 
•3382 
•3143 
•7101 
•7101 
■7101 
•5981 
•8717 


441-9999 


*Under  contractual  agreement  with  LRTA 
**Sent  only  letter  detailing  policies  regarding  private  agencies  and 
transit.     Documents  will  be  sent  upon  request. 
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Charters /Rentals 


A  &  F  Bus  Co. ,  Inc. 

16  Wyman  Road,  Billerica 

663 

-8145 

Bedford  Charter  Service** 

11  Railroad  Avenue,  Bedford 

275 

-9524 

Shaughnessy  FL,  Inc.** 

489  Boston  Road,  Billerica 

667 

-8244 

Buckingham  Bus  Service 

Station  Avenue,  Groton 

448 

-6057 

Fiors  Bus  Service 

1480  Broadwav .  Dracut 

453 

-1932 

Blanchard  Transit  Service 

555  Whipple  Road,  Tewksbury 

851 

-9863 

Dunbar  Bus  Company 

Tyngsborough ,  MA 

251 

-7445 

Far  Horizons  Travel  Agcy. 

235  Chelmsford  St.,  Chelmsford 

256 

-9060 

Michaud  Bus  Lines,  Inc. 

3  Jean  Lane,  Chelmsford 

441 

-2000 

A.J.  Gagnon  &  Sons 

Gagnon  Drive,  Dracut 

957 

—  3100 

J  X  w  W 

Ryder  Transportation 

Service 

100  Littleton  Road,  Westford 

692 

-0232 

Trombly  Commuter  Lines 

1480  Broadway  Rd. ,  Dracut 

937 

-3626 

**Sent  only  letter  detailing  policies  regarding  private  agencies 

and 

transit.     Documents  will 

be  sent  upon  request. 

Taxi  Service 

Provider 

Address 

Telephone 

Community  Cab 

117  Main  Street,  Pepperell 

433 

-9944 

Harlow  Cab 

19  West  Street,  Pepperell 

433 

-8370 

A&L  Taxi 

115  Congress,  Lowell 

454 

-5661 

Diamond  Yellow  Cab 

50  Payne  Street,  Lowell 

458 

-6861 

Chelmsford  Town  Taxi 

North  Chelmsford 

251 

-8858 

Fred's  Taxi 

42  Crimson  Road,  Billerica 

667 

-2300 

Billerica  Taxi 

1  Edgbaston  Street,  Billerica 

663 

-8222 

TWC  Limo  and  Taxi 

3  3  Nabnasset  Street,  Westford 

692 

-8880 

Absolute  Limousine  Service 

Billerica,  MA  1-800 

-338 

-5466 

Broadway  Cab  Company 

50  Payne  St.,  Lowell 

458 

-4769 

Checker  Taxi  of  Greater 

Lowell 

3  3  Nabnasset  Rd.,  Westford 

251 

-8858 

City  Cab  Company 

50  Payne  St.,  Lowell 

454 

-7748 

Continental  Taxi 

172  Lakeview  Ave. ,  Lowell 

934 

-0888 

Eagle  Cab  Co. 

115  Congress  St.,  Lowell 

454 

-5421 

East  End  Taxi 

115  Congress  St.,  Lowell 

458 

-4655 

J  &  N  Taxi 

115  Congress  St.,  Lowell 

458 

-8833 

Moonlight  Coach 

4  Fletcher  Lane,  Westford 

692 

-7234 

Pelham  Taxi 

Pelham,  New  Hampshire 

635 

-9313 

Rio  Taxi 

115  Congress  St. ,  Lowell 

452 

-5481 

Textile  Cab 

115  Congress  St.,  Lowell 

452 

-6764 

Tyngsborough  Taxi  & 

Airport  Service 

Tyngsborough,  MA 

649 

-7775 

Wilmington  Taxi 

Wilmington,  MA 

658 

-3859 
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APPENDIX  A 


TRANSPORTATION  CONTROL  MEASURES 
STATUS  REPORT 


Transportation  Control  Measures  Status  Report 


In  1982  the  Northern  Middlesex  Metropolitan  Planning 
Organization  committed  to  the  implementation  of  the  following 
categories  of  transportation  control  measures: 

1.  Park  and  Ride/Fringe  Parking  Lots 

2.  Employer  Based  Carpool/Vanpool 

3.  Traffic  Flow  Improvements 

At  that  time  it  was  estimated  that  a  total  target  reduction 
in  NMHC  emissions  of  36.91  Kg/day  would  be  realized  by  1987.  While 
the  region  has  implemented  each  of  these  measures,  recent  tracking 
and  evaluation  by  the  Northern  Middlesex  Council  of  Governments 
staff  and  the  Massachusetts  Department  of  Environmental  Protection 
has  found  that  an  emission  reduction  of  101.3  Kg/day  was  actually 
realized.  This  is  far  in  excess  of  the  anticipated  goal.  (See 
tables  following  this  status  report  for  documentation.) 

The  region,  however,  remains  a  non-attainment  area  for  ground 
level  ozone  and  the  City  of  Lowell  is  a  non-attainment  area  for 
carbon  monoxide.  This  is  largely  due  to  the  phenomenal  growth 
which  occurred  during  the  1980s.  This  growth  served  to  offset  all 
gains  made  through  the  implementation  of  the  above  mentioned 
control  measures. 

The  Northern  Middlesex  Metropolitan  Planning  Organization 
continues  to  implement  additional  control  measures  in  the 
categories  of  traffic  flow  improvements,  transit  improvements,  and 
park  and  ride  lots. 

Several  traffic  flow  improvements  are  identified  and  analyzed 
in  greater  detail  in  the  FY' 93  Transportation  Improvement  Program. 

Traffic  flow  improvement  projects  in  the  FY '93  Transportation 
Improvement  Program  include  the  following: 

1.  Route  38/Rogers  Street,  Lowell 

2.  Bridge  Street/VFW  Highway  and  Lakeview  Avenue,  Lowell 

3.  Route    3    widening    project    in    Billerica,  Chelmsford, 
Lowell,  Westford  and  Tyngsborough 

4.  Merrimack  Street,   Dutton  Street,  and  Arcand  Drive 

5.  Boston  Road,  Pollard  and  Floyd  Streets,  Billerica 

6.  Boston  Road  and  Tower  Farm  Road,  Billerica 

7.  Crosby  Drive  and  Middlesex  Turnpike,  Billerica 

The  NMCOG  staff  is  presently  completing  a  Park  and  Ride  Lot 
study.     The  study  will  serve  to  identify  suitable  locations  for 


additional  lots  along  the  Route  3  and  1-495  corridors.  The 
Northern  Middlesex  Council  of  Governments  is  also  encouraging  the 
formation  of  a  Transportation  Management  Organization  for  business 
along  the  Route  3  Corridor.  Such  a  TMO  would  provide 
vanpool/carpool  matching  for  area  employees. 

The  Lowell  Regional  Transit  Authority  recently  constructed 
additional  parking  facilities  at  the  Gallagher  Terminal  in  Lowell. 
It  is  hoped  that  this  new  facility  will  serve  to  encourage 
increased  usage  of  public  transportation  thereby  reducing  VMT. 
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APPENDIX  B 
AIR  QUALITY  DATA  SHEETS 


I 


■JLAR  212  WORKSHEET:  UNSIGNALIZED  - 
J : 09-10-1991  TIME:19:06 

^- rs/phoenix/douglas  no  build  1996 
Iral  characteristics 

SIrOLS  :  STOP 

AILING  SPEED:    30  MPH 
I    STREET  #  OF  LANES:    2  LANES 

n|r   STREET  LANES 
OACH:    C:    PHOENIX  EB 
USIVE  LEFT  TURN  LANES:  N 
JSIVE  RIGHT  TURN  LANES:  N 


DACH:    D:    DOUGLAS  WB 
JSIVE  LEFT  TURN  LANES:  N 
•JSIVE  RIGHT  TURN  LANES:  N 


4  APPROACHES 

02 


(PAGE  1  OF  2) 


PACH 
ME 

ENT  GRADE 
CAR/HR 


A:    ROGERS  NB 
LT       TH  RT 
20     932  51 
0  .  00 

22 


B:    ROGERS  SB 

LT  TH  RT 
117      843  20 

0  .  00 
129 


C:  PHOENIX  EB 
LT  TH  RT 
36         3  33 

0.00 
40         3  36 


D:    DOUGLAS  WB 
LT       TH  RT 
2  68 


32 


35 


75 


II  1   RIGHT   TURNS  FROM 
ILICTING  FLOWS 
I?rCAL  GAPS 

|;:iTY 
Ji'jD 

l|:iTY  USED 
PDANCE  FACTOR 
jljSD  LANS 


C: PHOENIX  EB 

958 
6  .  0 
304 
36 
12 
0.92 
Y 


)OUGLAS  WB 
853 
6  .  0 
347 
75 
22 
0  .  85 
Y 


III  2   LEFT  TURNS   FROM  B:  ROGERS   SB  A:  ROGERS  NB 

LICTING  FLOWS  983  863 

iCCAL   GAPS  5.0  5.0 

:ITY  435  493 

JD  129  22 

:iTY  USED  30  4 

P bANCE  FACTOR  0.77  0.98 

IjABLE  RESERVE  306  471 

.r  Short  traffic  delay  Little  or  no  delay 

3  B  A 


I 
I 
I 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  2  OF  2 ) 
DATE: 09-10-1991  TIME : 19 : 00 : 16 

ROGERS/PHOENIX/DOUGLAS  NO  BUILD  1991 


STEP   3  THRU  MOVES 

FROM 

C : PHOENIX  EB 

D: DOUGLAS  WB 

CONFLICTING  FLOWS 

1731 

17  44 

CRITICAL  GAPS 

7.0 

7  .  0 

CAPACITY 

68 

67 

ADJUST  FOR  IMP 

56 

54 

DEMAND 

3 

2 

CAPACITY  USED 

6 

4 

IMPEDANCE  FACTOR 

0  .  97 

0  .98 

SHARED   LANE  LEFT 

Y 

Y 

SHARED   LANE  RIGHT 

Y 

Y 

STEP   4   LEFT  TURNS 

FROM 

C : PHOENIX  EB 

D: DOUGLAS  WB 

CONFLICTING  FLOWS 

1793 

1776 

CRITICAL  GAPS 

7  .  5 

7  .  5 

CAPACITY 

48 

49 

ADJUST  FOR  IMP 

34 

37 

SHARED   LANE  THRU 

Y 

Y 

SHARED   LANE  RIGHT 

Y 

Y 

SHARED  LN  DEMAND 

70 

99 

CAPACITY  OF  SHARED 

LN 

59 

95 

AVAILABLE  RESERVE 

-11 

-4 

DELAY 

Failure 

Failure 

LOS 

E* 

E* 

SUMMARY  OF   LEVEL  OF   SERVICE  BY 

MOVEMENT 

MOVEMENT 

DEMAND  CAPACITY 

RESERVE 

LOS 

LT  FROM  A: 

20  548 

528 

A 

LT  FROM  3: 

113  490 

377 

B 

ALL  MOVES   FROM  C: 

70  59 

-11 

E* 

ALL  MOVES   FROM  D: 

99  95 

-4 

E* 

i  hcm  -  chapter  9:  signalized  -  operational  analysis 
Irs/research/plaza  DR 

Id  conditions   1996   PM  PEAK 
g:09-ll-1991  time : 09 : 13 : 33 

f    DATA   SET  NAMES   LOADED  OR  SAVED 

iME=PLZAVOL         GEOMETRICS=PLZAGEO  S IGNAL=PLZAS IG 

GTED   IN  CBD:Y 


IME   &  GEOMETRICS 
VOLUMES 


#  OF  LANES 


LANE  WIDTH 


:ross 


I 


LT 

TH 

RT 

LT  TH 

RT 

LT 

TH       RT  WALK 

26 

0 

98 

1  0 

1 

12  .  0 

0.0   12.0  0 

121 

0 

83 

1  0 

1 

12  .  0 

0.0  12.0  0 

22   116  5  1 

10 

1  2 

0 

12  .  0 

12.0     0.0  0 

11 

968 

12 

1  2 

0 

12  .  0 

12.0     0.0  0 

FIC  & 

ROADWAY  CONDITIONS 

ADJ 

PARK 

PEDESTRIANS 

ARR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF  CROSS  BUT  MIN  TIME 

TYPE 

0  .  0% 

1  .  0% 

N 

0 

0 

.900 

0       N  7.0 

3 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0       N  7.0 

3 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0       N  7.0 

3 

0  .  0% 

1 .  0% 

N 

0 

0 

.  900 

0       N  7.0 

3 

INGS 

EASTBOUND 

WESTBOUND 

NORTHBOUND 

SOUTHBOUND  GREEN 

Y+R 

PRE/ACT 

1  t 

r  P 

1  t 

r  P 

1  t 

r  p 

1      t     r  p 

*     *     *  10.0 

4 

A 

38.0 
6.0 

20.0 


A 
A 
A 


1=  90.0 


I 


IE  ADJUSTMENT  WORKSHEET 
1    (MOVEMENT  ADJUSTMENTS) 


LTV  THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

26  0 

98 

.900 

29 

0 

109 

121  0 

83 

.  900 

134 

0 

92 

22  1165 

110 

.  900 

24 

1294 

122 

11  968 

12 

.  900 

12 

1076 

13 

2  (LANS 

SROUP 

ADJUSTMENTS) 

jN  group 

FLOW 

N 

LU 

V 

Pit 

Prt 

jT 

29 

*% 

1 .  00 

29 

1 .00 

0  .  00 

IT 

109 

1 

1  .  00 

109 

0  .  00 

1 .  00 

:,T 

134 

1 

1.00 

134 

1 .  00 

0  .00 

IT 

92 

1 

1 .  00 

92 

0.00 

1.00 

jT 

24 

1 

1  .  00 

24 

1.00 

0  .  00 

[■H-RT 

1417 

2 

1  .05 

1488 

0.00 

0.09 

jT 

12 

1 

1  .  00 

12 

1.00 

0  .  00 

[■H-RT 

1089 

2 

1 .05 

1143 

0  .  00 

0.01 

3    (OPPOSING  VOLUME  ADJUSTMENTS) 


TURN 
I'r  OPPOSED 

SfJOUND 

BOUND 
JlBOUND 
Jl[  BOUND 


i 


OPPOSING  APPROACH 


VOLUMES 

%  OPPOSING 

LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

134 

0 

92 

100 

100 

0 

1 

0 

1 

0 

29 

0 

109 

100 

100 

0 

0 

1 

0 

12 

1076 

13 

0 

0 

0 

1 

0 

0 

24 

1294 

122 

0 

0 

0 

1 

2 

0 

0 

.ATION  FLOW  ADJUSTMENT  WORKSHEET 

,N  GROUP     IDEAL  N     Fwid       Fhv  Fgr 

, ■*  p  r        '    "      p  n   n   Q  ■  J  =    1    "!  .0  p 


Fpark 


Fbus  Farea 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 


DIR     C       G  N 

Va  Vm 

Vlt  Pit 

No  Vo 

Plto 

EB      90     10  1 

48  43 

43  0.91 

1       8  3 

0.31 

WB     90      10  1 

121  83 

38  0.31 

1  4 

0  . 91 

N3     90     65  2 

1201  1201 

24  0.02 

2  1058 

0  . 12 

CALCULATIONS 

\j  I. 

C<  1. 

i?  in 

C  XT. 

E3  1633  0.051 

5.699  0. 

823  0.907 

4 . 301  0. 

093 

0 

.  204 

1 

.  367 

0  . 

829 

0 

.  829 

WB   1350  0.003 

9.736  0. 

872  0.312 

0.264  0. 

688 

0 

.  213 

1 

.  290 

1 . 

000 

1 

.000 

NB   13  43   0.57  4 

31.267  0. 

214  0.139 

33.733  0. 

861 

11 

.  419 

5 

.  267 

0  . 

513 

0 

.756 

CAPACITY  .\NALYSIS  WORKSHEET 

DIR  LN  GROUP 

V  s 

v/s  g/C 

c  v/c 

CRITICAL 

EB  LT-TH 

48  1337 

0.04  0.11 

149  0.32 

E3  RT 

39  1370 

0.03  0.11 

152  0.26 

WB  LT-TH-RT 

121  1305 

0.09  0.11 

145  0.84 

* 

NB  LT-TH-RT 

1261  2439 

0.52  0.72 

1761  0.72 

SB  LT-TH-RT 

1231  2221 

0.55  0.80 

1777  0.69 

* 

CYCLE=  90.0 

L0ST=12 . 0 

SUM  V/S   CRIT=  0.65 

TOTAL 

V/C  = 

0 

.75 

LEVEL  OF   SERVICE  WORKSHEET 


DIR 

LN 

GROUP 

v/c 

g/C 

c 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

SB 

LT 

-TH 

0  .  32 

0.11 

90  . 

0 

28  . 

02 

149 

0  .  45 

0  .85 

24  .  20 

C  1.1 

EB 

RT 

0  .  26 

0.11 

90  . 

0 

27  . 

81 

152 

0  .  20 

0  .85 

23  .  81 

C  0.9 

W3 

LT 

-TH-RT 

0  .  84 

0  .11 

90  . 

0 

29. 

79 

145 

21 .  80 

0.85 

43  .  35 

E  2.8 

NB 

LT 

-TH-RT 

0.72 

0  .72 

90. 

0 

5  . 

47 

1761 

1.00 

0  .  85 

5.  49 

B  8.3 

SB 

LT 

-TH-RT 

0  .  69 

0.80 

90  . 

0 

3  . 

07 

1777 

0  .  83 

0.85 

3  .  31 

A  5.9 

95%  Q 


DIR  Delay  LOS 

EB     24.03  C 

WB     4  3.85  E 

NB        5.49  B 

SB        3.31  A 

INTERSECTION  DELAY  = 


6.81   INTERSECTION  LOS=B 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  40  TO  90  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      83.0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  BE  37 
for  chosen  cycle  length  80.0 

suggested  timing  phase  1  is  58.2  sees  green, 
suggested  timing  phase  2  is  9.8  sees  green, 
suggested  timing  phase  3  is       0.0  sees  green, 


6  SECONDS 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 


ULAR   212  WORKSHEET:   UNSIGNALIZED  - 
:09-10-1991  TIME:19:08 
RS/PHOENIX/DOUGLAS  NO  BUILD  1999 
RAL  CHARACTERISTICS 
ROLS:  STOP 
SAILING  SPEED:    30  MPH 
I'  STREET  #  OF  LANES:    2  LANES 

iJr   STREET  LANES 
OACH:    C:    PHOENIX  EB 
USIVE  LEFT  TURN  LANES:  N 
USIVE  RIGHT  TURN  LANES:  N 


4  APPROACHES 
03 


(PAGE  1  OF  2) 


OACH:    D:    DOUGLAS  W3 
USIVE   LEFT  TURN  LANES:  N 
USIVE  RIGHT  TURN  LANES:  N 


OACH 


ME 

RIENT  GRADE 
I  CAR/HR 


A:    ROGERS  NB 
LT       TH  RT 
22  1004  55 

0.00 
24 


B:    ROGERS  SB 

LT  TH  RT 
125     908  22 

0  .  00 
138 


r 

I 


1   RIGHT  TURNS  FROM 
LICTING  FLOWS 
ICAL  GAPS 
CITY 
ND 

CITY  USED 
DANCE  FACTOR 
ED  LANE 


d  2  LEFT  TURNS  FROM 
I  LICTING  FLOWS 

ICAL  GAPS 
I  CITY 
I  ND 

I  CITY  USED 

DANCE  FACTOR 
I LABLE  RESERVE 


C:  PHOENIX  EB 
LT  TH  RT 
39         4  35 

0.00 
43         4  39 


C: PHOENIX  EB 

1032 
6.0 
277 
39 
14 
0  .  91 
Y 


B: ROGERS  SB 

1059 
5.0 
401 
138 
34 

0.73 
264 

Average  delay 
C 


D:  DOUGLAS  WB 
LT  TH  RT 
34  2  73 


37 


8  0 


D: DOUGLAS  WB 
919 
6.0 
319 
80 
25 
0  .  81 
Y 


A: ROGERS  NB 
930 
5  .  0 
460 
24 
5 

0  .  97 
435 

Little  or  no  delay 
A 


'CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  1  OF  2) 
DATE: 09-10-1991  TIME : 1 8 : 56 : 44 

ROGERS/RESEARCH/STADIUM  NO  BUILD  1999 
GENERAL  CHARACTERISTICS 
CONTROLS:  STOP 
PREVAILING   SPEED:    30  MPH 
MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR   STREET  LANES 
APPROACH:    C:    RESEARCH  EB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    STADIUM  PLAZA 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


i:    ROGERS  NB 
LT       TH  RT 
24   1254  119 

0  .  00 
26 


B:    ROGERS  SB 


RESEARCH  EB  D:    STADIUM  PLA 


.T  TH 
0  1018 
0  .  00 
0 


RT 

12 


LT        TH  RT  LT 

29          6  106  131 
0  .  00 

32         7  117  144 


TH 
2 


RT 
89 

98 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C: RESEARCH  EB 
1314 
6.0 
194 
117 
60 
0.47 
Y 


D: STADIUM  PLAZA 
1024 
6.0 
279 
98 
35 
0.72 
Y 


STEP   2  LEFT  TURNS   FROM           B: ROGERS   SB  A: ROGERS  NB 

CONFLICTING  FLOWS  1373  1030 

CRITICAL  GAPS  5.0  5.0 

CAPACITY  288  414 

DEMAND  0  26 

CAPACITY  USED  0  6 

IMPEDANCE  FACTOR  1.00  0.96 

AVAILABLE  RESERVE  288  387 

DELAY  Average  delay  Short  traffic  delay 

LOS  C  B 


ULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  2  OF  2) 
:09-10-1991  TIME: 18 : 56 : 53 

RS/RESEARCH/STADIUM  NO  BUILD  1999 


3  THRU  MOVES  FROM 
rlLICTING  FLOWS 

HICAL  GAPS 
CITY 
jJsT  FOR  IMP 

RND 
CITY  USED 
DANCE  FACTOR 
||ED  LANE  LEFT 
I  ED   LANE  RIGHT 


4   LEFT  TURNS  FROM 
LICTING  FLOWS 
ICAL  GAPS 
CITY 

ST  FOR  IMP 

ED  LANE  THRU 

ED   LANE  RIGHT 

ED  LN  DEMAND 

CITY  OF   SHARED  LN 

LABLE  RESERVE 

Y 


RESEARCH  EB 

2368 
7  .  0 
27 
26 
7 
26 
0  .81 
Y 
Y 


C: RESEARCH  EB 

2459 
7  .  5 
17 
11 

Y 
Y 

155 
41 
-114 
Failure 
E* 


STADIUM  PLAZA 
2421 
7  .  0 
25 
24 
2 
9 

0  .  94 

Y 
Y 


D: STADIUM  PLAZA 
2533 
7  .  5 

15 
5 

Y 
Y 

244 
9 

-235 
Failure 
E* 


MENT 
ROM  A: 

MOVES  FROM  C: 
l^OVES   FROM  D: 


SUMMARY  OF  LEVEL  OF   SERVICE  BY  MOVEMENT 
DEMAND  CAPACITY     RESERVE  LOS 

26  414  387  B 


155 
244 


41 
9 


-114 
-235 


E* 
E* 


5  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ERS /PHOENIX/DOUGLAS 

LD  CONDITIONS   1999  PM  PEAK 

e:09-ll-1991  time : 09 : 41 : 27 

r  DATA   SET  NAMES   LOADED   OR  SAVED 

JME=PHOVOL92       GEOMETRICS=PHOGEO  SIGNAL=?HOSIG 

TED   IN  CBD:Y 
JME  &  GEOMETRICS 
VOLUMES 


LT  TH 

39  4 

34  2 

22  1004 

125  908 


#  OF  LANES 
RT         LT  TH  RT 

35  Oil 
73  0     1  0 

55  0     2  0 

22  0     2  0 


LANE  WIDTH 


LT  TH 

0.0  12.0 

0.0  12.0 

0.0  12.0 

0.0  12.0 


RT 
12  .  0 
0  .  0 
0.0 
0  .  0 


CROSS 
WALK 

0 
0 
0 
0 


FIC   &  ROADWAY  CONDITIONS 
ADJ  PARK 


PEDESTRIANS 


ARR 


GRADE 

%HV 

Y/N  MOVES 

BUSES      PHF  CROSS 

BUT 

MIN  TIME 

TYPE 

0  .  0% 

1  .  0% 

N  0 

0        . 900 

0 

N 

7  .  0 

3 

0  .  0% 

1  .  0% 

N  0 

0        . 900 

0 

N 

7  .  0 

3 

0.0% 

1 .  0% 

N  0 

0        . 900 

0 

N 

7  .  0 

3 

0  .  0% 

1 .  0% 

N  0 

0        . 900 

0 

N 

7  .  0 

3 

INGS 

EAST30UND 

WESTBOUND 

NORTHBOUND 

SC 

UTH30UND  GREEN 

Y+R 

PRE/ACT 

1  t 

r  p 

1     t     r  p 

1     t     r  p 

1 

J. 

t 

r  p 

*      *  * 

« 

* 

*  65.0 

4 

A 

*  * 

* 

*     *  * 

10.0 

4 

A 

* 

■k 

*  3.0 

4 

A 

jE=  90.0 

JME  ADJUSTMENT  WORKSHEET 
1    (MOVEMENT  ADJUSTMENTS) 


LTV  THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

39  4 

35 

.900 

43 

4 

39 

i      34  2 

7  3 

.900 

38 

2 

81 

22  1004 

.  900 

24 

1116 

61 

125  908 

22 

.900 

139 

1009 

24 

[•  2  (LANE 

GROUP 

ADJUSTMENTS) 

LN  GROUP 

FLOW 

N 

LU 

V 

Pit 

Prt 

LT-TH 

48 

1 

1.00 

48 

0  .  91 

0  .  00 

RT 

39 

1 

1.00 

39 

0  .  00 

1 .  00 

LT-TH-RT 

X  ^  J. 

1 

1.00 

121 

0  .  31 

0  .  67 

LT-TH-RT 

1201 

2 

1.05 

1261 

0.02 

0  .05 

LT-TH-RT 

1172 

2 

1.05 

1231 

0  . 12 

0.02 

'  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


TURN  OPPOSING  APPROACH 


FG  OPPOSED 

VOLUMES 

%  OPPOS 

ING 

LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

'BOUND 

33 

2 

81 

100 

100 

100 

0 

1 

0 

83 

'BOUND 

43 

4 

39 

100 

100 

0 

0 

1 

4 

"HBOUND 

139 

1009 

24 

90 

90 

90 

0 

2 

0 

1058 

'HBOUND 

24 

1116 

61 

100 

100 

100 

0 

2 

0 

1201 

■RATION  FLOW  ADJUSTMENT  WORKSHEET 


LN  GROUP      IDEAL  N  Fwid 


Fhv 


LT-TH 
RT 

LT-TH-RT 
LT-TH-RT 


Fgr  Fpark     Fbus  Farea  Frt 


1800  1  1.000  0.995  1.000  1.000  1.000  0.900  1.000  0.829  1337 

1800  1  1.000  0.995  1.000  1.000  1.000  0.900  0.850  l.OOC  1370 

1800  1  1.000  0.995  1.000  1.000  1.000  0.900  0.810  1.000  1305 

1800  2  1.000  0.995  1.000  1.000  1.000  0.900  1.000  0.756  2439 


3  r  ^ 


0.    1     OnO    n  aqc; 


'0; 


d  ^ 


0  0  n  n  .  n  ? 


DHmR 


1985  HCM  -  CHAPTER   9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 
ROGERS/RESEARCH/PLAZA  DR 
BUILD  CONDITIONS   1999   PM  PEAK 
date:09-ll-1991  time : 09 : 17 : 14 

LAST  DATA   SET  NAMES   LOADED  OR  SAVED 

VOLUME=PLZAVOL         GEOMETRICS=PLZAGEO  SIGNAL=PLZASIG 
LOCATED   IN  CBD:Y 
VOLUME   &  GEOMETRICS 
VOLUMES 


DIR     LT       TH  RT 

EE        29          0  106 

WB     131          0  89 

NB       24  1254  119 

SB       12   1018  14 


#  OF  LANES 
LT  TH  RT 

10  1 
10  1 
12  0 
12  0 


LANE  WIDTH 


LT  TH 

12.0  0.0 

12.0  0.0 

12.0  12.0 

12.0  12.0 


RT 
12.0 
12.0 
0.0 
0  .  0 


CROSS 
WALK 
0 
0 

0 
0 


TRAFFIC   &  ROADWAY  CONDITIONS 

ADJ  PARK 


PEDESTRIANS 


ARR 


DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF 

CROSS 

BUT 

MIN  TIME 

TY 

EB 

0  .  0% 

1  .  0% 

N 

0 

0 

.900 

0 

N 

7.0 

3 

WB 

0  .  c% 

1 .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

NB 

0  .  0% 

1  .  0% 

N 

0 

0 

.900 

0 

N 

7.0 

SB 

0  .  0% 

1.0% 

N 

0 

0 

.  900 

0 

N 

7.0 

3 

PHASINGS 

EA3TB0UND 
1     t     r  p 

1 
2 
3 

4     *      *  * 


WESTBOUND 
1     t     r  p 


NORTHBOUND 


SOUTHBOUND  GREEN 
1     t     r  p 
*      *      *  10.0 
*     *  38.0 
6.0 
20.0 


Y+R  PRE/ACT 


A 
A 
A 
A 


CYCLE=  90.0 

VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV  THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

29  0 

106 

.  900 

32 

0 

118 

WB 

131  0 

89 

.  900 

146 

0 

99 

NB 

24  1254 

119 

.  900 

27 

1393 

132 

SB 

12  1018 

14 

.  900 

13 

1131 

16 

PART 

'   2  (LANE 

GROUP 

ADJUSTMENTS) 

DIR 

LN  GROUP 

FLOW 

N 

LU 

V 

Pit 

Prt 

EB 

LT 

32 

1 

1 .  00 

32 

1.00 

0 . 00 

EB 

RT 

118 

1 

1.00 

118 

0.00 

1.00 

WB 

LT 

146 

J. 

1  .00 

146 

1 .  00 

0.00 

W3 

RT 

99 

1 

1 .  00 

99 

0.00 

1 .00 

NB 

LT 

27 

1 

1 .00 

27 

1 .  00 

0.00 

NB 

TH-RT 

1526 

2 

1 .05 

1602 

0  .  00 

0.09 

SB 

LT 

13 

1 

1 .  00 

13 

1 .  00 

0.00 

SB 

TH-RT 

1147 

2 

1 .05 

1204 

0  .  00 

0  .01 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS 


LEFT  TURN 


OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOSING 

LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

SASTBOUND 

146 

0 

99 

100 

100 

0 

1 

0 

1 

0 

WESTBOUND 

32 

0 

118 

100 

100 

0 

1 

0 

1 

0 

NORTHBOUND 

13 

1131 

16 

0 

0 

0 

1 

2 

0 

0 

SOUTH  BOU~ND 

27 

1393 

132 

0 

0 

0 

1 

2 

0 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP      IDEAL  N     Fwid       Fhv       Fgr  Fpark 


Fbus  Farea 


LT 

1800 

1 

1 

.  000 

0 

.  995 

1 

.  000 

1 

.000 

1 

.000 

0 

.900 

1 

.000 

0 

.950 

1531 

RT 

1800 

1 

1 

.  000 

0 

.995 

1 

.  000 

1 

.000 

1 

.000 

0 

.  900 

0 

.850 

1 

.000 

1370 

LT 

1800 

1 

1 

.000 

0 

.  995 

1 

.000 

1 

.  000 

1 

.000 

0 

.900 

1 

.000 

0 

.950 

1531 

TH- 

RT 

1800 

2 

1 

.000 

0 

.995 

1 

.  000 

1 

.  000 

1 

.000 

0 

.  900 

1 

.000 

1 

.  000 

3224 

LT 

1800 

1 

1 

.000 

0 

.995 

1 

.000 

1 

.000 

1 

.000 

0 

.  900 

1 

.000 

0 

.  950 

1531 

TH- 

RT 

1800 

2 

1 

.000 

0 

.  995 

1 

.  000 

1 

X 

.  000 

1 

.000 

0 

.  900 

1 

.  000 

1 

.  000 

3224 

iCITY  ANALYSIS  WORKSHEET 
LN  GROUP         V         s     v/s  g/C 
LT  32  1531  0.02  0.22 

RT  118  1370  0.09  0.22 

LT  146  1531  0.10  0.22 

RT  99  1370  0.07  0.22 

LT  27  1531  0.02  0.07 

TH-RT  1602  3224  0.50  0.53 
LT  13   1531  0.01  0.11 

TH-RT         1204  3224  0.37  0.58 


c  v/c 

340  0.09 

304  0.39 

340  0.43 

304  0.32 

102  0.26 

1719  0.93 

170  0.08 

1863  0.65 


CRITICAL 


,E=  90.0     LOST=12.0     SUM  V/S  CRIT=   0.49  TOTAL  V/C=  0.56 


^;L  OF   SERVICE  WORKSHEET 

ILN 
LT 
RT 

(Irt 
Ilt 

.|TH 

Ilt 
|th 

I Delay  LOS 
19.93  C 
21.69  C 
18.80  C 
3.95  3 
RSECTION  DELAY 


GROUP 

v/c 

g/C 

C 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

0.  09 

0.22 

90  . 

0 

21 .13 

340 

0  .  00 

1 .  00 

21.14 

n 
\^ 

0.6 

0.  39 

0.22 

90  . 

0 

22  .  63 

304 

0  .  42 

0  .85 

19  .  60 

C 

2.3 

0.43 

0  .  22 

90. 

0 

22  .  86 

340 

0  .  55 

1 .  00 

23  .  41 

c 

2.8 

0  .  32 

0  .  22 

90  . 

0 

22.  30 

304 

0  .  23 

0  .  85 

19  .15 

c 

1 .  9 

0.  26 

0.07 

90  . 

0 

30.  32 

102 

0  .  32 

1 .  00 

30.64 

D 

0.6 

RT 

0  .  93 

0  .  53 

90. 

0 

14  .  80 

1719 

7  .08 

0  .  85 

IS  .  60 

C 

1^  .  8 

0.08 

0  . 11 

90  . 

0 

27  .  26 

170 

0  .  00 

1.00 

27  .  26 

D 

0  .  3 

RT 

0  .65 

0  .  58 

90. 

0 

9.73 

1863 

0  .  56 

0  .  85 

8.75 

B 

12.1 

95%  Q 


=  15.37   INTERSECTION  LOS=C 


CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  90  SECONDS 
H  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS      48.8  SECONDS 

A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     24.6  SECONDS 
chosen  cycle  length  50.0 

0.7  sees  green , 
28.5  sees  green, 
1.4  sees  green, 
7.4  sees  green , 


ested  timing  phase  1  is 

ested  timing  phase  2  is 

iSsted  timing  phase  3  is 

ested  timing  phase  4  is 


4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 


I 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  {PAGE  2  OF  2) 
DATE: 09-10-1991  TIME : 19 : 08 : 10 

ROGERS/PHOENIX/DOUGLAS  NO  BUILD  1999 


STEP   3  THRU  MOVES  FROM           C: PHOENIX  EB  D: DOUGLAS  WB 

CONFLICTING  FLOWS  2109  2125 

CRITICAL  GAPS  7.0  7.0 

CAPACITY  39  38 

ADJUST  FOR   IMP  28  27 

DEMAND  4  2 

CAPACITY  USED  16  8 

IMPEDANCE  FACTOR  0.89  0.95 

SHARED   LANE   LEFT  Y  Y 

SHARED  LANE  RIGHT  Y  Y 


STEP   4   LEFT  TURNS  FROM  C : PHOENIX  EB  D: DOUGLAS  WB 

CONFLICTING  FLOWS  2184  2164 

CRITICAL  GAPS  7.5  7.5 

CAPACITY  26  27 

ADJUST  FOR   IMP  14  15 

SHARED  LANE  THRU  Y  Y 

SHARED  LANE  RIGHT  Y  Y 

SHARED  LN  DEMAND  8  6  120 

CAPACITY  OF   SHARED  LN  26  43 

AVAILABLE  RESERVE  -60  -77 

DELAY  Failure  Failure 

LOS  E*  E* 


MOVEMENT 
LT  FROM  A: 
LT  FROM  B: 


SUMMARY  OF   LEVEL  OF   SERVICE  BY  MOVEMENT 
DEMAND  CAPACITY     RESERVE  LCS 

24  460  435  A 

138  401  264  C 


ALL  MOVES  FROM  C: 
ALL  MOVES   FROM  D: 


86 

120 


26 
43 


-60 
-77 


1)  hcm  -  chapter  9:  signalized  -  operational  analysis 
:rs/pkoenix/douglas 

Ld  conditions   1996   PM  PEAK 

09-11-1991  tiine:09:37 
DATA  SET  NAMES   LOADED  OR  SAVED 
jrME=PHOVOL92       GEOMETRICS  =  PHOGEO 
la.TED   IN  CBD:Y 


44 


SIGNAL=PHOSIG 


rME  &  GEOMETRICS 
VOLUMES 


LT 

TH 

RT 

36 

3 

33 

32 

63 

20 

932 

51 

117 

843 

20 

#  OF  LANES 
LT  TH  RT 
Oil 
0  10 
0  2  0 
0     2  0 


LANE  WIDTH  CROSS 

LT       TH       RT  WALK 
0.0   12.0   12.0  0 
0.0  12.0     0.0  0 
0.0   12.0     0.0  0 
0.0   12.0     0.0  0 


FIC   i   ROADWAY  CONDITIONS 
ADJ  PARK 


PEDESTRIANS 


ARR 


GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF 

CROSS 

BUT 

MIN  TIME 

TY 

0  .  0% 

1.0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

0  .  0% 

1 .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

0  .  0% 

1 .  0% 

N 

0 

0 

.  900 

0 

N 

7.0 

3 

0  .  0% 

1.0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

INGS 

EASTBOUND 
11      t     r  p 


WESTBOUND 
1     t     r  p 


NORTHBOUND 


SOUTHBOUND  GREEN 
1      t     r  p 


Y+R  PRE/ACT 


65.0 

4 

A 

10  .  0 

4 

A 

3  .  0 

4 

A 

E  = 


ME  ADJUSTMENT  WORKSHEET 
1    (MOVEMENT  ADJUSTMENTS 


LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

36 

3 

33 

.  900 

40 

3 

37 

32 

2 

63 

.  900 

36 

2 

76 

20 

932 

51 

.  900 

22 

1036 

57 

117 

843 

20 

.  900 

130 

937 

22 

LANE  GROUP  ADJUSTMENTS) 


iN  GROUP      FLOW  N 


jT-TH 
^T 

|LT-TH-RT 

Lt-th-rt 
Lt-th-rt 


43  1 
37  1 
113  1 
1114  2 
1089  2 


LU         V  Pit  Prt 

1.00       43  0.92  0.00 

1.00       37  0.00  1.00 

1.00     113  0.31  0.67 

1.05  1170  0.02  0.05 

1.05  1143  0.12  0.02 


3    (OPPOSING  VOLUME  ADJUSTMENTS) 


i\  TURN 
b  OPPOSED 

Hbound 

sfcoUND 

HBOUND 
HBOUIJD 


OPPOSING  APPROACH 


VOLUMES 

%  OPPOSING 

LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH 

RT 

LT 

TK 

RT 

LT 

TH 

RT 

VOLUME 

36 

2 

76 

100 

100 

100 

0 

1 

0 

78 

40 

3 

37 

100 

100 

0 

0 

1 

1 

3 

130 

937 

22 

90 

90 

90 

0 

2 

0 

983 

22 

1036 

57 

100 

100 

100 

0 

2 

0 

1114 

lATION  FLOW  ADJUSTMENT  WORKSHEET 


LN  GROUP 
jT-TH 
•T 

iT-TH-RT 

iT-TH-RT 


IDEAL  N  Fwid 


Fhv 


1800  1  1.000  0.995  1 

1800  1  1.000  0.995  1 

1800  1  1.000  0.995  1 

1800  2  1.000  0.995  1 


Fgr  Fpark 
000  1.000 
000  1.000 
000  1.000 
000  1.000 
n  n  •■^       n  n 


Fbus  Farea 

1.000  0.900 

1.000  0.900 

1.000  0.900 

1.000  0.900 

^     3P  ■ 


f  r  t 
000 
850 
810 


Fit 
851 


000  0.867 


.37: 


000  1370 
000  1306 


1794 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 


\j 

M 
ill 

V  el        V  m      V  X  u 

r  1  u 

IMO           V  O 

r  1  uO 

S3  90 

10 

1 

1         7  8 

0  1 

W3  90 

10 

1 

X  i  J           /  o          J  o 

O     "J  1 

vJ  .  J  1 

1  1 
1  J 

u .  y<j 

N'3  90 

65 

2 

111/1  111/1 

11x4    1114  Zti 

U  . 

<^     y  o  J 

n    1  o 
U  .  1  z 

CALCULATIONS 

DIR  Sop 

Yo 

Gu  Fs 

PI 

Gq 

Pt 

Gf 

El 

Fm 

Fit 

E3  1634 

0  . 

048 

6 . 002  0 . 326  0 

923 

3.998  0. 

077 

0 

.166 

1 . 

361 

0. 

851 

0 

.851 

W3  13  50 

0  . 

002 

9 . 802   0 . 873  0 

314 

0.198  0. 

686 

0 

.160 

1 . 

289 

1 . 

000 

1 

.  000 

NB  2204 

0  . 

446 

44.877   0.261  0 

100 

20.123  0. 

900 

11 

.766 

4  . 

317 

0  . 

733 

0 

.  867 

CAPACITY  ANALYSIS  WORKSHEET 

DIR  LN  GROUP         v         s  v/s  g/C  c     v/c  CRITICAL 

EB     LT-TH             43  1372  0.03  0.11  152  0.28 

E3     RT                    37   1370  0.03  0.11  152  0.24 

W3     LT-TH-RT     113   1306  0.09  0.11  145  0.78  * 

N3     LT-TH-RT  1170   2794  0.42  0.72  2018  0.58 

SB     LT-TH-RT  1143  2478  0.46  0.80  1983  0.58  * 

CYCLE=   90.0     LOST=12.0  SUM  V/S   CRIT=  0.55  TOTAL  V/C=  0.63 


LEVEL  OF   SERVICE  WORKSHEET 


DIR 

LN 

GROUP 

v/c 

g/C 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

E3 

LT- 

TH 

0  .28 

0.11 

90 

.  0 

27  .  90 

152 

0  .  29 

0  . 

85 

23  .  96 

C  1.0 

EB 

RT 

0  .  24 

0  .11 

90 

.0 

27  .  77 

152 

0  . 17 

0. 

85 

23.74 

C  0.8 

W3 

LT- 

TH-RT 

0.78 

0.11 

90 

.0 

29  .  59 

145 

15.  55 

0. 

85 

38  .  37 

D  2.5 

N3 

LT- 

TH-RT 

0  .  58 

0.72 

90 

.0 

4  .  54 

2018 

0,32 

0  . 

85 

4  . 13 

A  7.7 

S3 

LT- 

TH-RT 

0  .  58 

0.80 

90 

.  0 

2  .  54 

1983 

0.  31 

0  . 

85 

2  .  43 

A  5.4 

DIR 

Delay 

LOS 

E3 

23  .  86 

C 

WB 

38  .  37 

D 

.\"3 

4  .13 

A 

S3 

2  .  43 

A 

INTERSECTION  DELAY  =      5.53   INTERSECTION  LOS=B 


THE  CYCLE   LENGTH  WITHIN  THE   BOUNDS   OF      40      TO     90  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      64.2  SECONDS 

FOR  A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     28.4  SECONDS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is  44.6  sees  green,  4.0  sees  yellow  +  red  clear 
suggested  timing  phase  2  is  8.4  sees  green,  4.0  sees  yellow  +  red  clear 
suggested  tim.ing  phase  3  is       0.0  sees  green,       4.0  sees  yellow  +  red  clear 


kULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES 
TE: 09-10-1991  TIME : 19 : 06 : 10 

*;ERS/PH0ENIX/D0UGLAS  no  build  1996 


p  3  thru  moves  from 
^^flicting  flows 
:tical  gaps 

>ACITY 

JUST  FOR  IMP 
dAND 

PACITY  USED 
!>EDANCH  FACTOR 
\RED  LANE  LEFT 
RED  LANE  RIGHT 


EP   4   LEFT  TURNS  FROM 
fFLICTING  FLOWS 
[TICAL  GAPS 
?ACITY 

UST  FOR  IMP 

RED  LANE  THRU 
^RED  LANE  RIGHT 
[red  LN  DEMAND 
IaCITY  OF   SHARED  LN 
VILABLE  RESERVE 

AY 


C: PHOENIX  EB 

1958 
7.0 
49 
37 
3 
9 

0  .  95 
Y 
Y 


C: PHOENIX  EB 

2028 
7  .  5 
33 
20 

Y 
Y 

79 
37 
-42 
Failure 
E* 


fEMENT 
FROM  A: 
|fROM  B: 

J  MOVES  FROM  C: 

I  MOVES   FROM  D: 


SUMMARY  OF 
DEMAND 
22 
129 

79 

112 


,EVEL   OF   SERVICE  BY 
CAPACITY  RESERVE 
493  471 
435  306 


37 
61 


-42 
-51 


(PAGE  2  OF  2) 


DOUGLAS  WB 
1973 
7  .  0 
48 
36 
2 
6 

0  .  97 
Y 
Y 


D: DOUGLAS  WB 
2009 
7  .  5 
34 
23 

Y 
Y 

112 
61 
-51 
Failure 
E* 


MOVEMENT 
LOS 
A 
B 

E* 
E* 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ROGERS /PHOENIX/DOUGLAS 

BUILD  CONDITIONS   1995  PM  PEAK 

date:09-ll-1991  time : 09 : 34 : 18 

LAST  DATA   SET  NAMES   LOADED  OR  SAVED 

VOLUME=PHOVOL92        GEOMETRICS=PHOGEO  SIGNAL=PHOSIG 
LOCATED   IN  CBD:Y 
VOLUME   &  GEOMETRICS 

VOLUMES  #   OF   LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

EB 

35 

3 

32 

0 

1 

1 

0  .  0 

12.0 

12.0 

0 

WB 

31 

2 

66 

0 

1 

0 

0.0 

12.0 

0.0 

0 

NB 

20 

910 

50 

0 

2 

0 

0  .  0 

12  .  0 

0  .  0 

0 

SB 

114 

822 

20 

0 

2 

0 

0  .  0 

12  .  0 

0.0 

0 

TRAFFIC   &  ROADWAY  CONDITIONS 


ADJ 

PARK 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

EB 

0  .  0% 

1.0% 

N 

0 

0 

WB 

0  .  0% 

1  .  0% 

N 

0 

0 

NB 

0  .  0% 

1  .  0% 

N 

0 

0 

SB 

0  .  0% 

1 .  0% 

N 

0 

0 

PEDESTRIANS  ARR 
PHF  CROSS   BUT  MIN  TIME  TYPE 


.  900 

0 

N 

7  .  0 

3 

.  900 

0 

N 

7.0 

3 

.  900 

0 

N 

7  .  0 

3 

.  900 

0 

N 

7  .  0 

3 

PHASINGS 

EASTBOUND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GREEN  Y+R  PRE/ACT 
Itrpltrpltrpltrp 

****** 

2  *      *      *  *     *  * 

3  *     *  * 

CYCLE=  90.0 


65  .  0 

4 

A 

10  .  0 

4 

A 

3.0 

4 

A 

VOLUME   ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

35 

3 

32 

.  900 

39 

3 

36 

WB 

31 

2 

66 

.  900 

34 

2 

73 

NB 

20 

910 

50 

.  900 

22 

1011 

56 

SB 

114 

822 

20 

.900 

127 

913 

22 

PART   2    (LANE  GROUP 

DIR  LN  GROUP  FLOW 

EB     LT-TH  42 

SB     RT  36 

WB      LT-TH-RT  110 

NB     LT-TH-RT  1089 

SB     LT-TH-RT  1062 


ADJUSTMENTS ) 
N       LU         V     Pit  Prt 
1   1.00       42  0.92  0.00 
1   1.00       36  0.00  1.00 

1  1  .  00     110  0.31  0 . 67 

2  1.05  1143  0.02  0.05 
2   1.05  1115  0.12  0.02 


PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOSING  L 

EFT  TURN 

# 

LANES 

OPPOSIN( 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOUND 

34 

2 

73 

100 

100 

100 

0 

1 

-U 

0 

76 

WESTBOUND 

39 

3 

36 

100 

100 

0 

0 

1 

"I 

3 

NORTHBOUND 

127 

913 

22 

0 

90 

90 

0 

2 

0 

845 

SOUTHBOUND 

22 

1011 

56 

100 

100 

100 

0 

2 

0 

1089 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Far  ea 

Frt 

Fit 

s 

SB 

LT- 

TH 

1800 

1 

.000 

0 

.995 

1 

.000 

1 .  000 

1 

.  000 

0.900 

-1 
X 

.  000 

0 

.  861 

1389 

EB 

RT 

1800 

1 

.  000 

0 

.  995 

1 

.000 

1 .  000 

1 

.  000 

0  .  900 

0 

.850 

.  000 

1370 

WB 

LT- 

TH-RT 

1800 

1 

.  000 

0 

.  995 

1 

.000 

1 .  000 

1 

.000 

0  .  900 

0 

.810 

1 

.  000 

1306 

N3 

LT- 

TH-RT 

1800 

2 

1 

.  000 

0 

.  995 

1 

.  000 

1 .  000 

-1 

.  OCO 

0  .  900 

1 

a. 

.  000 

0 

.  943 

3041 

PPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
PUT  VARIABLES 


va  vm 

V 1  u 

r  -L  u 

NO  VO 

r  1  to 

90  10 

1 

J  y 

1           7  A 
i.           /  D 

90  10 

1 

110  76 

34 

0.31 

1  3 

0.92 

90  65 

2 

1089  1089 

22 

0.02 

2  845 

0.00 

LCULATIONS 

R  Sop 

Yo 

Gu 

Fs 

PI 

Gq 

Ft 

Gf 

El 

Fm 

Fit 

1635  0. 

046 

6.124  0. 

828  0. 

921 

3.876  0. 

079 

0. 

170 

^ 

.  359 

0  . 

861 

0 

.  861 

1353  0. 

002 

9. 302  0. 

873  0  . 

313 

0 . 198   0 . 

687 

0  . 

160 

1 

.239 

1 . 

000 

J. 

.  000 

3600  0. 

235 

57.337  0. 

347  0. 

075 

7.663  0. 

925 

6  . 

373 

3 

.  241 

0  . 

837 

0 

.  943 

PACITY  ANALYSIS  WORKSHEET 

R  LN  GROUP         V         s     v/s     g/C  c     v/c  CRITICAL 

LT-TH             42  1389  0.03  0.11  154  0.27 

RT                   36  1370   0.03  0.11  152  0.23 

LT-TH-RT     110   1306  0.08  0.11  145  0.76  * 

LT-TH-RT  1143   3041   0.38  0.72  2196  0.52 

LT-TH-RT  1115  2535  0.44  0.80  2028   0.55  * 

CLE=   90.0     LOST=12.0      SUM  V/S   CRIT=   0.52  TOTAL  V/C=  0.60 

VEL  OF   SERVICE  WORKSHEET 


R  LN  GROUP 

v/c 

g/C 

c 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

LT-TH 

0  .  27 

0  .11 

90  . 

0 

27  . 

87 

154 

0.25 

0  .  85 

23  .  90 

C  0.9 

RT 

0  .  23 

0.11 

90. 

0 

27  . 

74 

152 

0  .15 

0  .85 

23.71 

C  0.8 

LT-TH-RT 

0-76 

0  .11 

90. 

0 

29  . 

51 

145 

13.  44 

0  .85 

36  .  51 

D  2.4 

LT-TH-RT 

0  .  52 

0.72 

90  . 

0 

4. 

23 

2196 

0.18 

0.85 

3  .75 

A  7.6 

LT-TH-RT 

0.  55 

0  .  80 

90  . 

0 

2  . 

44 

2028 

0  .  25 

0  .85 

2  .  29 

A  5.3 

95%  Q 


R  Delay  LOS 
23.81  C 
36.51  D 
3.75  A 
2.29  A 
ITERSECTION  DELAY  = 


5.20   INTERSECTION  LOS=B 


E  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  90  SECONDS 
PCH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      60.7  SECONDS 


\  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  BE  26.3  SECONDS 
|r  chosen  cycle  length  60.0 

jgested  timing  phase  1  is  40.3  sees  green, 
ggested  timing  phase  2  is  7.7  sees  green, 
ggested  timing  phase  3  is       0.0  sees  green. 


4.0  sees  yellow  +  red  clear 
4.0  sees  yellow  +  red  clear 
4.0  sees  yellow  +  red  clear 


f 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  1  OF  2) 
DATE: 09-10-1991  TIME : 19 : 03 : 50 

ROGERS/PHOENIX/DOUGLAS  NO  BUILD  1995 
GENERAL  CHARACTERISTICS 
CONTROLS:  STOP 
I   PREVAILING  SPEED:    30  MPH 
?j  MAIN   STREET  #  OF  LANES:    2  LANES 

MINOR   STREET  LANES 

:    APPROACH:    C:    PHOENIX  EB 

5 ;:  EXCLUSIVE  LEFT  TURN  LANES:  N 

{■•'EXCLUSIVE  RIGHT  TURN  LANES:  N 
».  I ' 

APPROACH:  D:    DOUGLAS  WB 

I • EXCLUSIVE  LEFT  TURN  LANES:  N 

{"exclusive  RIGHT  TURN  LANES:  N 


APPROACH 


!•»■.  VOLUME 
;:h  PERCENT  GRADE 
%  PASS  CAR/HR 


A:    ROGERS  NB 
LT       TH  RT 
20      910  50 

0  .  00 
22 


B:    ROGERS  SB 

LT  TH  RT 
114      822  20 

0.00 
125 


C:  PHOENIX  EB 
LT  TH  RT 
35  3  32 

0  .  00 
39         3  35 


D:    DOUGLAS  WB 
LT       TK  RT 
2  66 


31 


34 


73 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C: PHOENIX  EB 

935 
6  .  0 
313 
35 
11 
0  .93 
Y 


DOUGLAS 
832 
6.0 
356 
73 
20 
0  .  86 
Y 


WB 


STEP    2   LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B: ROGERS  SB 


960 
5.0 
445 
125 
28 
0.79 
320 


A: ROGERS  N3 
342 
5.0 
504 
22 
4 

0  .98 

482 


Short  traffic  delay  Little  or  no  delay 
B  A 


m 


CULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  2  OF  2) 
E:09-10-1991  TIME : 19 : 03 : 58 

ERS/PHOENIX/DOUGLAS  NO  BUILD  1995 


P   3  THRU  MOVES  FROM 
FLICTING  FLOWS 
TICAL  GAPS 
ACITY 

UST  FOR  IMP 
AND 

ACITY  USED 
EDANCE  FACTOR 
RED   LANE  LEFT 
RED  LANE  RIGHT 


P   4   LEFT  TURNS  FROM 
FLICTING  FLOWS 
TICAL  GAPS 
ACITY 

|UST   FOR  IMP 
RED  LANE  THRU 
,RED  LANE  RIGHT 
RED  LN  DEMAND 
ACITY  OF   SHARED  LN 
ILABLE  RESERVE 
Y 


C : PHOENIX 


EB 
1911 
7  .  0 
52 
40 
3 
8 

0.95 
Y 
Y 


C: PHOENIX  EB 
19 
7 


79 
.  5 

36 
23 


Y 
Y 


Fail 
E* 


77 
41 

36 
ure 


D: DOUGLAS  WB 
1926 
7  .  0 
51 
39 
2 
6 

0.97 

Y 
Y 


D: DOUGLAS  WB 
1961 
7  .  5 
37 

25 

Y 
Y 

109 
67 
-42 
Failure 
E* 


MENT 
FROM  A: 
jpROM  B: 

MOVES   FROM  C 

MOVES   FROM  D 


SUMN-ARY  OF  LEVEL  OF   SERVICE   BY  MOVEMENT 
DEMAND  CAPACITY     RESERVE  LOS 

22  504  482  A 

125  445  320  B 


77 

109 


41 
67 


-36 
-42 


E* 
E* 


ROGErI^PhOeS^^^SSBgSaS^''"^^^^^^^^  "  OPERATIONAL  ANALYSIS 
BUILD  YEAR   1992   PM  PEAK 

date:09-ll-1991  time : 09 : 30 : 11 

LAST  DATA   SET  NAMES   LOADED  OR  SAVED 

VOLUME=PHOVOL92        GEOMETRIC S=PHOGEO  SIGNAL=PHOS IG 

LOCATED  IN  CBD:Y 


VOLUME  & 

GEOMETRICS 

1 

VOLUMES 

#  OF 

LANES 

LANE  WIDTH 

CROSS 

1 

DIR 

LT 

TH 

RT 

LT  TH 

RT 

LT 

TH  RT 

T.T  TV  T  rr 
WALK 

EB 

32 

3 

29 

0  1 

1 

0  .  0 

12.0  12.0 

0 

WB 

28 

2 

60 

0  1 

0 

0.0 

12.0  0.0 

0 

NB 

18 

845 

46 

0  2 

0 

0.0 

12.0  0.0 

0 

SB 

106 

764 

18 

0  2 

0 

0.0 

12.0  0.0 

0 

TRAFFIC  & 

ROADWAY  CONDITIONS 

ADJ 

PARK 

PEDESTRIANS 

ARR 

..; 

DIR 

GRADE 

%KV 

Y/N 

MOVES 

BUSES 

PHF  CROSS   BUT  MIN 

TIME 

TYPE 

EB 

0  .  0% 

1 .  0% 

N 

0 

0 

.  900 

ON  7 

.  0 

3 

WB 

0  .  0% 

1 .  0% 

N 

0 

0 

.  900 

ON  7 

.0 

3 

NB 

0  .  0% 

1 .  0% 

N 

0 

0 

.  900 

ON  7 

.  0 

3 

SB 

0  .  0% 

1  .  0% 

N 

0 

0 

.900 

ON  7 

.  0 

3 

PKAS 

INGS 

EASTBOUND 

WESTBOUND 

NORTHBOUND 

SOUTHBOUND 

GREEN  Y+R 

PRE 

1  t 

r  P 

1  t 

r  p 

1  t 

r  p 

1     t     r  p 

1 

* 

*     *  * 

65.0  4 

A 

2 

*  * 

* 

*  * 

* 

10.0  4 

A 

3 

*     *  * 

3.0  4 

A 

CYCLE=  90.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

32 

3 

29 

.  900 

36 

3 

32 

WB 

28 

60 

.  900 

31 

2 

67 

NB 

18 

845 

46 

.  900 

20 

939 

51 

SB 

106 

764 

18 

.  900 

118 

849 

20 

PART  2    (LANE  GROUP 

DIR   LN  GROUP  FLOW 

EB     LT-TH  39 

EB     RT  32 

WB     LT-TH-RT  100 

NB     LT-TH-RT  1010 

SB     LT-TH-RT  987 


ADJUSTMENTS ) 

N       LU         V  Pit  Prt 

1   1.00        39  0.91  0.00 

1  1.00       32  0.00  1.00 

1  1.00     100  0.31  0.67 

2  1.05  1061  0.02  0.05 
2   1.05  1036  0.12  0.02 


PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPOSING 

APPRCA 

CH 

BEING  OPPOSED 

VOLUMES 

%  OPPOS 

ING 

LEFT  TURN 

# 

LANES 

OPPOSINf 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOUND 

31 

2 

67 

100 

100 

100 

0 

1 

0 

69 

WESTBOUND 

36 

3 

32 

ICO 

100 

0 

0 

1 

3 

NORTHBOUND 

118 

849 

20 

90 

90 

90 

0 

2 

0 

891 

SOUTHBOUND 

20 

939 

51 

100 

100 

100 

0 

2 

0 

1010 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Far  ea 

Frt 

Fit 

s 

EB 

LT- 

TH 

1800 

1 

1 

.  000 

0 

.  995 

1 

.000 

1 .000 

1 

.  000 

0.900 

1 

.000 

0 

.  892 

1438 

E3 

RT 

1800 

1 

1 

-000 

0 

.  995 

1 

.000 

1.000 

1 

.  000 

0  .900 

0 

.  850 

1 

.000 

1370 

WB 

LT- 

TH-RT 

1800 

1 

1 

.000 

0 

.  995 

X 

.  000 

1.000 

-1 

X 

.  000 

0  .  900 

0 

.  810 

±. 

.000 

1306 

NB 

LT- 

TH-RT 

1800 

2 

X 

.000 

0 

.  995 

1 
±. 

.  000 

1 .  000 

]_ 

.  000 

0  .  900 

1 

.  000 

0 

.920 

2966 

S3 

LT- 

TH-RT 

18  00 

2 

1 

.  000 

0 

.  995 

1 

.  000 

1 .  000 

1 

.  000 

0  .  900 

1 

.  000 

0 

.  829 

2672 

EHental  v^ksheIt'for  'left-turn  "adjustment  factor  Ylt 
'UT  variables 

i 


c 

G 

N 

Va 

Vm 

VI  t 

Pit 

No 

Vo 

PI  to 

90 

10 

1 

39 

36 

36 

0 .  91 

1 

69 

0 .  31 

90 

10 

1 

100 

69 

31 

0  .  31 

1 

3 

0  .  91 

90 

65 

2 

1010 

1010 

20 

0-02 

2 

891 

0.12 

.CULATIONS 
t  Sop  Yo 
1637  0.042  6 
1362  0.002  9 
2515  0.354  51 


Gu  Fs 

486  0.832 

804  0.873 

288  0.318 


PI  Gq  Pt 

0.914  3.514  0.086 

0.311  0.196  0.689 

0.082  13.712  0.918 


Gf 
185 
159 
952 


El 
1 .  352 
1 .  289 
3  .  535 


Fm  Fit 
892  0.392 
000  1.000 
840  0.920 


'ACITY  ANALYSIS  WORKSHEET 

L  LN  GROUP         V         s     v/s  g/C  c  v/c  CRITICAL 

LT-TH             39   1438   0.03  0.11  160  0.24 

RT                   32   1370  0.02  0.11  152  0.21 

LT-TH-RT     100   1306   0.08  0.11  145  0.69  * 

LT-TH-RT  1061   2966  0.36  0.72  2142  0.50 

LT-TH-RT  1036   2672   0.39  0.80  2138  0.48  * 

i 

tLE=  90.0  LOST=12.0  SUM  V/S  CRIT=  0.46  TOTAL  V/C=  0.54 
EL  OF  SERVICE  WORKSHEET 


LN 

GROUP 

v/c 

g/C 

C 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

LT 

-TH 

0  .24 

0  . 11 

90  . 

0 

27  . 

77 

160 

0. 

16 

0  .85 

23.75 

C  0.9 

RT 

0  .  21 

0.11 

90  . 

0 

27  . 

67 

152 

0  . 

11 

0  .85 

23  .61 

C  0.7 

LT 

-TH-RT 

0.69 

0  . 11 

90  - 

0 

29. 

26 

145 

8  . 

61 

0.85 

32  .19 

D  2.2 

LT 

-TH-RT 

0  .  50 

0.72 

90  . 

0 

4  . 

11 

2142 

0  . 

1 5 

0  .  85 

3  .62 

A  7.0 

LT 

-TH-RT 

0  .  48 

0  .  80 

90  . 

0 

23 

2138 

0. 

14 

0.85 

2.02 

A  4.9 

Delay  LOS 
23.69  C 
32.19  D 
3.62  A 
2.02  A 
'ERSECTION  DELAY  = 


4.78   INTERSECTION  LOS=A 


CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  90  SECONDS 
CH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      53.7  SECONDS 


A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     23.5  SECONDS 

chosen  cycle  length  55.0 
gested  timing  phase  1  is     35.9  sees  green, 
gested  timing  phase  2  is       7.1  sees  green, 
Igested  timing  phase  3  is       0.0  sees  green, 


4.0  sees  yellow  +  red  clear 
4.0  sees  yellow  +  red  clear 
4.0  sees  yellow  +  red  clear 


CIRCULAR  212  WORKSHEET 
DATE: 09-10-1991 
ROGERS/PHOENIX/DOUGLAS  NO  BUILD  1991 
GENERAL  CHARACTERISTICS 
CONTROLS:  STOP 
PREVAILING  SPEED:    30  MPH 
MAIN   STREET  #  OF  LANES:    2  LANES 


LTJSIGNALIZED  -   4  APPROACHES    (PAGE  1  OF  2 : 
TIME: 19 : 00 : 08 


MINOR   STREET  LANES 
APPROACH:    C:    PHOENIX  EB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    DOUGLAS  WB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:  ROGERS 
LT  TH 
18  824 

0  .  00 
20 


NB 
RT 
45 


B:  ROGERS 

LT  TH 
103  745 

0  .00 
113 


SB 
RT 
18 


::  PHOENIX 
LT  TH 
32  3 

0  .00 
35  3 


EB 
RT 
29 

32 


LT 
28 

31 


DOUGLAS 
TH 
2 


WB 
RT 
60 

66 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C: PHOENIX  EB 

847 
6.0 
350 
32 
9 

0  .  95 
Y 


D: DOUGLAS  WB 
754 
6  .  0 

393 
66 

-•  ~T 

_  / 

0  .  89 
Y 


STEP   2   LEFT  TURNS  FROM           B: ROGERS   SB  A: ROGERS  NB 

CONFLICTING  FLOWS  869  763 

CRITICAL  GAPS  5.0  5.0 

CAPACITY  490  548 

DEMAND  113  -  20 

CAPACITY  USED  23  4 

IMPEDANCE  FACTOR  0.8  3  0.9  8 

AVAILABLE  RESERVE  377  528 

DELAY  Short  traffic  delay  Little  or  no  delay 

LOS  B  A 


RT 

1800 

1 

1 

.  000 

0  . 

995 

1 

.000 

1 

.000 

X 

.000 

u . 

9G0 

0 

.  8  50 

1 

.  oco 

137  0 

LT 

1800 

1 

1 

.  000 

0  . 

c 

995 

1 

.000 

1 

.000 

1 

.  000 

0  . 

900 

1 

.000 

0 

.  950 

1531 

RT 

1800 

1 

1 

.  000 

0  . 

995 

1 

.000 

1 

.  000 

1 

.000 

0  . 

n  r\ 

900 

0 

Q  C  /y 

.8  50 

1 

.000 

1  J  /  0 

LT 

1800 

1 

1 

.  000 

0  . 

995 

1 

.  000 

1 

.  000 

1 

.  000 

0  . 

900 

1 

.  000 

0 

.  950 

1531 

TH- 

RT 

1800 

2 

1 

.  000 

0 . 

995 

1 

,000 

1 

.000 

1 

.  000 

0  . 

900 

1 

.000 

1 

r\  /y  r\ 

.  000 

3224 

LT 

1800 

1 

T 

.  000 

0  . 

995 

1 

.  000 

1 

.  000 

1 

.  000 

0  . 

900 

1 

.  000 

0 

.  950 

1531 

TH- 

RT 

1800 

2 

1 

.  000 

0  . 

995 

1 

.000 

1 

.000 

1 

.000 

0  . 

900 

1 

.000 

1 

/y  /\ 

.000 

3224 

;>ACITY  ANALYSIS  WORKSHEET 


i  LN 

GROUP 

V 

s 

v/3 

g/C 

c 

v/c 

CRITICAL 

LT 

29 

1531 

0.02 

0 

.  22 

340 

0  .  08 

RT 

109 

1370 

0.08 

0 

.  22 

304 

0  .  36 

LT 

134 

1531 

0  .  09 

0 

.  22 

340 

0  40 

RT 

92 

1370 

0  .  07 

0 

.  22 

304 

0.30 

LT 

24 

1531 

0  .  02 

0 

.  07 

102 

TH- 

RT 

1488 

3224 

0  .  46 

0 

.  53 

1719 

0  87 

LT 

12 

1531 

0  .  01 

0 

.  11 

170 

n  07 

TH- 

RT 

1143 

3224 

0.  35 

0 

.  58 

1863 

0.61 

:le= 

90  .  0 

LOST 

=  12  .  0 

SUM 

V/S  CRIT= 

0  .  46 

L\J  1  riLt 

V  /  L-  — 

0.53 

;el  of  service 

WORKSHEET 

^  LN 

GROUP 

v/ c 

g/c 

C 

dl 

c 

d2 

PF 

Delay 

LOS 

Avg 

Q 

0.08 

0.22 

90  .  0 

21. 

09 

340 

0  .  00 

1 .  00 

21 . 

09 

C 

0 

.6 

RT 

0.36 

0.22 

90  .  0 

22  . 

48 

304 

0  .  32 

0  .  35 

19  . 

38 

C 

2 

.1 

LT 

0  .  40 

0.  22 

90  .  0 

22  . 

68 

340 

0  .41 

1 .  00 

23  . 

09 

r 

.6 

j  RT 

0.  30 

0  .  22 

90  .  0 

22  . 

18 

304 

0  .18 

0  .  85 

19  . 

01 

C 

.  8 

1  LT 

0  .  24 

0.07 

90  .  0 

30  . 

28 

102 

0.24 

1 .  00 

30  . 

52 

D 

0 

.6 

TH- 

RT 

0  .  87 

0.  53 

90.0 

13  . 

83  1719 

3  .  51 

0  .85 

14  . 

74 

B 

16 

.5 

LT 

0  .  07 

0.11 

90  .  0 

27  . 

24 

170 

0  .  00 

1.00 

27  . 

24 

D 

0 

.3 

TH- 

RT 

0.61 

0  .  58 

90  .  0 

9  . 

45  1863 

0  .  44 

0.85 

8  . 

41 

B 

X  X 

.  5 

95%  Q 


L  Del 

ay 

LOS 

19. 

74 

C 

21 . 

43 

C 

14. 

99 

B 

8  . 

60 

B 

PERSECTION  DELAY  =  13.26   INTERSECTION  LOS=B 

CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  60  SECONDS 
CH  MINIMIZES  CRITICAL  MOVEMENT  DELAY  IS     46.5  SECONDS 

\  A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD   BE     23.2  SECONDS 
r  chosen  cycle  length  50.0 
^gested  timing  phase  1  is 
^gested  timing  phase  2  is 
jgested  timing  phase  3  is 
irgested  timing  phase  4  is 


0.  7  sees  green , 
28.7  sees  green , 

1 .  3  sees  green , 
7 . 3  sees  green , 


4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 


CIRCULAR   212  WORKSHEET 
DATE: 09-10-1991 
RCGERS/RESEARCH/STADIUM  NO  BUILD  1996 
GENERAL  CHARACTERISTICS 
CONTROLS :  STOP 
PREVAILING   SPEED:    30  MPH 
MAIN  STREET  #  OF  LANES:    2  LANES 


UNSIGNALIZED  -   4  APPROACHES    (PAGE  1  OF  2 ) 
TIME:18:54:48 


MINOR   STREET  LANES 
APPROACH:    C:    RESEARCH  EB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    STADIUM  PLAZA 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:  ROGERS 
LT  TH 
22  1165 

0  .  00 
24 


NB 
RT 

110 


B:  ROGERS 
LT  TH 
0  945 
0.00 
0 


SB 
RT 

11 


C:    RESEARCH  EB 
LT       TH  RT 
26         6  98 

0.00 
29         7  108 


D:    STADIUM  PLA 

LT  TH  RT 
121  2  83 

133  2  91 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C:  RESEARCH  EB 
1220 
6.0 
218 
108 
49 
0  .  58 
Y 


D: STADIUM  PLAZA 
951 
6.0 
307 
91 
30 
0  .77 
Y 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LCS 


B: ROGERS  SB 


A: ROGERS  NB 


1275  956 

5.0  5.0 

319  447 

0  24 

0  5 

1.00  0.97 

319  423 
Short  traffic  delay  Little  or  no  delay 

B  A 


:CULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  2  OF  2 ) 
'E: 09-10-1991  TIME : 1 3 : 54 : 57 

>ERS/RESEARCH/STADIUM  NO  BUILD  1996 


t;P   3  THRU  MOVES  FROM  C:RES 
•fFLICTING  FLOWS 
:TICAL  GAPS 
'ACITY 

'UST  FOR  IMP 
iIAND 

'ACITY  USED 
'EDANCE  FACTOR 
lRED   LANE  LEFT 
iRED   LANE  RIGHT 


CH  EB  D: STADIUM  PLAZA 

2198  2248 

7.0  7.0 

34  32 

33  31 

7  2 

20  7 

0.86  0.96 

Y  Y 

Y  Y 


:P   4   LEFT  TURNS   FROM  C: RESEARCH  EB  D: STADIUM  PLAZA 

IFLICTING  FLOWS  2283  2352 

;TICAL  GAPS  7.5  7.5 

'ACITY  22  20 

rUST  FOR  IMP  16  10 

iRED   LANS  THRU  Y  Y 

iRED   LANS  RIGHT  Y  Y 

iRED  LN  DEMAND  143  227 

'ACITY  OF   SHARED  LN  57  16 

ilLABLE  RESERVE  -86  -211 

jAY  Failure  Failure 

E*  E* 


SUMMARY  OF  LEVEL  OF   SERVICE  BY  MOVEMENT 

CEMENT                                 DEMAND  CAPACITY     RESERVE       LOS                             ^  <^ 

FROM  A:                                  24  447               423  A 

i  MOVES   FROM  C:                   143  57                -86  S* 

i  MOVES  FROM  D:  227  16  -211  E*   


1985  HCM   -   CHAPTER   9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 
ROGERS/RESEARCH/PLAZA  DR 
BUILD  CONDITIONS   1995  PM  PEAK 
date:09-ll-1991  t ime : 09 : 09 : 53 

LAST  DATA   SET  NAMES   LOADED  OR  SAVED 

VOLUME=PLZAVOL  GEOMETRICS=PLZAGEO  S IGNAL=PLZASIG 

LOCATED   IN  CBD:Y 


VOLUME 


&  GEOMETRIC S 
VOLUMES 


LANE  WIDTH 


DIR 

LT 

TH 

RT 

EB 

26 

0 

96 

W3 

118 

0 

81 

NB 

22 

1136 

108 

SB 

11 

945 

12 

#  OF  LANES 

LT  TH  RT  LT       TH  RT 

10     1  12.0     0.0  12.0 

10     1  12.0     0.0  12.0 

12     0  12.0  12.0  0.0 

1     2     0  12.0  12.0  0.0 


CROSS 
WALK 

C 
0 
0 
0 


TRAFFIC   &   ROADWAY  CONDITIONS 

ADJ  PARK 


PEDESTRIANS 


ARR 


DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF 

CROSS 

BUT 

MIN  TIME 

TY 

SB 

0  .  0% 

1  .  0% 

N 

0 

0 

.900 

0 

N 

7  .  0 

3 

WB 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

NB 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

SB 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

PHASINGS 

EASTBOUND 


WESTBOUND 


NORTHBOUND 


X 

1 

t  r 

P  1 

r     p  1 

t  r 

p 

2 

*  * 

3 

* 

*  * 

4  * 

*  * 

* 

■k 

* 

CYCLE= 

90  .  0 

VOLUME 

ADJUST 

MENT 

WORKSHEET 

PART  1 

(MOVEMENT  ADJ 

USTMENTS) 

DIR     LTV  THV 

RTV 

PHF  LTFR 

THFR 

RTFR 

E3 

26  0 

96 

.900  29 

0 

107 

WB  1 

18  0 

81 

.900  131 

0 

90 

NB 

22  1136 

108 

.900  24 

1262 

120 

SB 

11  945 

12 

.900  12 

1050 

13 

PART  2 

(LANE 

GROUP 

ADJUSTMENTS) 

DIR  LN 

GROUP 

FLOW 

N 

LU  V 

Pit 

Prt 

SB  LT 

29 

1 

1.00  29 

1 .  00 

0.  00 

EB  RT 

107 

± 

1.00  107 

0.00 

1 .  00 

WB  LT 

131 

1 

1.00  131 

1 .  00 

0.00 

WB  RT 

90 

1 

1.00  90 

0.00 

1.00 

N3  LT 

24 

T 
J. 

1.00  24 

1 .  00 

0.00 

NB  TH 

-RT 

1382 

1.05  1451 

0.00 

0.09 

SB  LT 

12 

1 

1.00  12 

1 .  00 

0.00 

S3  TH 

-RT 

1063 

2 

1.05  1117 

0.00 

0.01 

SOUTHBOUND  GREEN 
1     t     r  p 
*      *      *  10.0 
«     *  38.0 
6.0 
20.0 


Y+R  PRE/ACT 


A 
A 
A 
A 


PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPOSING 

APPROA 

CH 

BEING  OPPOSED 

VOLUMES 

%  OPPOSING  L 

EFT  TURN 

# 

LANES 

OPPOSING 

LT  TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOUND 

131  0 

90 

100 

100 

0 

1 

0 

1 

0 

WESTBOUND 

29  0 

107 

100 

100 

0 

1 

0 

X 

0 

NORTHBOUND 

12  1050 

13 

0 

0 

0 

1 

X 

2 

0 

0 

SOUTHBOUND 

24  1262 

120 

0 

0 

0 

-1 
X 

2 

0 

0 

SATURATION  FLOW 

ADJUSTMENT  WORKSK 

EET 

EIR  LN  GROUP      IDEAL  N  Fw 

id  Fhv 

Fgr 

Fpark 

Fbus  Far 

ea 

Frt 

Fl 

t  s 

RT 

1800 

1 

1 

.  000 

0 

.  995 

1 

.  000 

1 

X 

.000 

1 

.  000 

0  . 

90D 

0 

.850 

1 

.  000 

1370 

LT 

1800 

1 

1 

.000 

0 

.  995 

1 

.  000 

1 

.  000 

1 

.  000 

0  . 

900 

1 

.000 

0 

.  950 

1531 

RT 

1800 

1 

1 

.000 

0 

.  995 

1 

.  000 

1 

.  000 

.  000 

0. 

900 

0 

.850 

1 

.  000 

1370 

LT 

1800 

1 

1 

.000 

0 

.995 

1 

.000 

1 

.  000 

1 

.000 

0  . 

900 

i. 

.000 

0 

.  950 

1531 

TH- 

RT 

1800 

2 

1 

.000 

0 

.  995 

1 

.  000 

1 

.  000 

1 

± 

.  000 

0  . 

900 

1 

.  000 

1 

.  000 

3224 

LT 

1800 

1 

1 

.000 

0 

.995 

1 

.  000 

1 

.  000 

1 

.  000 

0  . 

900 

1 

.000 

0 

.950 

1531 

TH- 

RT 

1800 

2 

1 

.  000 

0 

.995 

1 

.000 

1 

.  000 

1 

.000 

0  . 

900 

1 

.000 

1 

.000 

3224 

PACITY  ANALYSIS  WORKSHEET 


I  LN  GROUP 
LT 
RT 
LT 
RT 
LT 

TH-RT 
LT 

TH-RT 


V         s  v/s 

29  1531  0.02  0 

107   1370  0.08  0 

131   1531  0.09  0 

90   1370  0.07  0 

24   1531  0.02  0.07 

1451   3224  0.45  0.53 

12  1531  0.01  0 

1117   3224  0.35  0 


g/C 
.  22 
.  22 
.  22 
.  22 


58 


c  v/c 

340  0.08 

304  0.35 

340  0.39 

304  0.30 

102  0.24 

1719  0.84 

170  0.07 

1863  0.60 


CRITICAL 


:LE=  90.0  LOST=12.0  SUM  V/S  CRIT=  0.45  TOTAL  V/C=  0.52 
^EL  OF   SERVICE  WORKSHEET 


I  LN 

GROUP 

v/c 

g/C 

C 

dl 

c 

d2 

FF 

Delay  LOS 

Avg  Q 

1 

0.08 

0.22 

90  . 

0 

21  . 

09 

340 

0  .  00 

1 .  00 

21 .  09 

C 

0  .  6 

RT 

0.35 

0  .  22 

90  . 

0 

22  . 

44 

304 

0.  30 

0  .  85 

19  .  32 

c 

2  . 1 

LT 

0.39 

0  .  22 

90. 

0 

22  . 

63 

340 

0  .  37 

1 .00 

23.00 

c 

2.5 

1  RT 

0.30 

0.22 

90  . 

0 

22. 

14 

304 

0.17 

0  .  85 

18  .96 

c 

1 .  8 

1  LT 

0  .  24 

0.07 

90. 

0 

30  . 

28 

102 

0.24 

1 .  00 

30  .  52 

D 

0  .  6 

TH- 

RT 

0  .  84 

0  .  53 

90  . 

0 

13. 

55 

1719 

2.  89 

0  .  85 

13  .  97 

3 

16  . 1 

LT 

0  .  07 

0  . 11 

90  . 

0 

27  . 

24 

170 

0.00 

1 .  00 

27  .  24 

D 

0  .  3 

TK- 

RT 

0  .  60 

0  .  58 

90  . 

0 

9  . 

33 

1863 

0  .  40 

0  .85 

8  .  26 

B 

11 .  2 

i  Delay 

LOS 

19.70 

C 

21 .  36 

C 

14  .  24 

B 

8  .  47 

B 

'ERSECTION  DELAY  =  12.82   INTERSECTION  LOS=B 

P  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  120  SECONDS 
[CH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      45.6  SECONDS 


i  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  BE  22.7  SECONDS 
:  chosen  cycle  length  45.0 

ygested  timing  phase  1  is  0.6  sees  green, 
igested  timing  phase  2  is  24.9  sees  green, 
jgested  timing  phase  3  is  1.2  sees  green, 
rgested  timing  phase  4  is       6.3  sees  green. 


95%  Q 


4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 


CIRCULAR  212  WORKSHEET:   UNSIGNALIZED  -   4  APPROACHES    (PAGE   1  OF  2) 

DATE:09-10-1991  TIME : 1 8 : 52 : 23 

ROGERS/RESEARCH/STADIUM  NO  BUILD  1995 

GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING   SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR   STREET  LANES 
APPROACH:    C:    LOWELL  RESEARC 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    STADIUM  PLAZA 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH                  A:    ROGERS  NB       B:    ROGERS  SB       C:    LOWELL  RESE  D:    STADIUM  PLA 

LT       TH  RT        LT       TH  RT        LT       TH       RT        LT       TH  RT 

VOLUME                        22  1136  108         0     922  11       26         5       96     118         2  81 

PERCENT  GRADE            0.00                        0.00  0.00 

PASS  CAR/HR             24                             0  29         6     106     130         2  89 


STEP   1   RIGHT  TURNS   FROM  C: LOWELL 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


RESEARC  D: STADIUM  PLAZA 

1190  928 

6.0  6.0 

227  316 

106  89 

47  28 

0.61  0.79 

Y  Y 


STEP   2   LEFT  TURNS   FROM            B: ROGERS   SB  A: ROGERS  NB 

CONFLICTING  FLOWS  1244  933 

CRITICAL  GAPS  5.0  5.0 

CAPACITY  330  458 

DEMAND  0  2  4 

CAPACITY  USED  0  5 

IMPEDANCE  FACTOR  1.00  0.97 

AVAILABLE  RESERVE  330  434 

DELAY  Short  traffic  delay  Little  or  no  delay 

LOS  B  A 


CULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES 
■E:  09-10-1991  TIME  :  1 8  :  52  :  31 

ERS/RESEARCH/STADIUM  NO  BUILD  1995 


(PAGE  2  OF  2) 


P   3  THRU  MOVES   FROM  C : LOWELL 

FLICTING  FLOWS 
TICAL  GAPS 
ACITY 

UST  FOR  IMP 
'AND 

ACITY  USED 
EDANCE  FACTOR 
RED   LANE  LEFT 
RED  LANE  RIGHT 


RESEARC  D: STADIUM  PLAZA 

2145  2194 

7.0  7.0 

37  34 

36  33 

6  2 

15  7 

0.90  0.96 

Y  Y 

Y  Y 


P  4   LEFT  TURNS   FROM  C : LOWELL  RESEARC  D: STADIUM  PLAZA 

FLICTING  FLOWS  2228  2295 

TICAL  GAPS  7.5  7.5 

ACITY  24  22 

UST  FOR  IMP  18  12 

RED  LANE  THRU  Y  Y 

RED  LANE  RIGHT  Y  Y 

RED  LN  DEMAND  140  221 

ACITY  OF  SHARED  LN  63  19 

ILABLE  RESERVE  -77  -202 

|AY  Failure  Failure 

E*  E* 


SUMMARY  OF   LEVEL  OF   SERVICE  BY  MOVEMENT 

EMENT                                  DEMAND          CAPACITY     RESERVE  LOS  ^ 

[FROM  A:                                  24                 458               434  A 

MOVES  FROM  C:                  1'40                   63               -77  E*          i         1>  ^ C D 

MOVES   FROM  D:                  221                    19              -202  E*    '> '  i 


198  5  HCM  -  CHAPTER  9:  SIGNALIZED  -  OPERATIONAL  ANALYSIS 
ROGERS/RESEARCH/PLAZA  DR 

BUILD  YEAR   1992   PM  PEAK 

date:09-ll-1991  t ime : 09 : 04 : 17 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=PLZAVOL  GEOMETRICS=PLZAGEO  S IGNAL=PLZAS IG 

LOCATED   IN  CBD:Y 
VOLUME   &  GEOMETRICS 


VOLUMES  #  OF   LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

EB 

24 

0 

89 

1 

0 

1 

12.0 

0  .  0 

12.0 

0 

WB 

110 

0 

75 

1 

0 

1 

12  .  0 

0  .  0 

12.0 

0 

NB 

20 

1055 

0 

1 

2 

0 

12.0 

12.0 

0.0 

0 

SB 

10 

856 

10 

1 

2 

0 

12  .  0 

12  .  0 

0  .  0 

0 

TRAFFIC   &   ROADWAY  CONDITIONS 


ADJ 

PARK 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

EB 

0  .  0% 

1  .  0% 

N 

0 

0 

WB 

0  .  0% 

1 .  0% 

N 

0 

0 

N3 

0  .  0% 

1 .  0% 

N 

0 

0 

SB 

0  .  0% 

1 .  0% 

N 

0 

0 

PEDESTRIANS  ARR 
PHF  CROSS   BUT  MIN  TIME  TYPE 


.  900 

0 

N 

7  .  0 

3 

.  900 

0 

N 

7  .  0 

3 

.  900 

0 

N 

7  .  0 

3 

.  900 

0 

N 

7.0 

3 

PHASINGS 

EASTBOUND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GREEN  Y+R  PRE/ACT 
Itrpltrpltrpltrp 


1 

*         *  -k 

10.0 

4 

A 

2 

*  * 

*  it 

38  .  0 

4 

A 

3 

*     *  * 

6.0 

4 

A 

4  * 

* 

*  * 

20  .  0 

4 

A 

CYCLE=  90.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

24 

0 

89 

.  900 

27 

0 

99 

WB 

110 

0 

75 

.  900 

1 2  2 

0 

83 

NB 

20 

1055 

0 

.  900 

22 

1172 

0 

SB 

10 

856 

10 

.  900 

11 

951 

11 

FART   2    (LANE  GROUP  ADJUSTMENTS) 


DIR 

LN 

GROUP 

FLOW 

N 

LU 

V 

Pit 

Prt 

EB 

LT 

27 

1 

X 

1 

.00 

27 

1 .  00 

0  .  00 

EB 

RT 

99 

-t 

1 

.  00 

99 

0  .  00 

1 .00 

WB 

LT 

122 

1 

1 

.  00 

122 

1.00 

0  .  00 

WB 

RT 

83 

1_ 

1 

.  00 

83 

0.00 

1.00 

N3 

LT 

22 

1 

1 

.  00 

22 

1 .  00 

0  .  00 

N3 

TH 

1172 

2 

1 

-05 

1231 

0.00 

0  .  00 

S3 

LT 

1  T 

i  J. 

1 

.  00 

11 

1 .  00 

0.00 

S3 

TH- 

■RT 

962 

2 

1 

.05 

1010 

0  .  00 

0  .01 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOS 

ING 

LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOUND 

122 

0 

83 

100 

100 

0 

0 

1 

0 

WESTBOUND 

27 

0 

99 

100 

100 

0 

1 

0 

1 

0 

NORTHBOUND 

11 

951 

11 

0 

0 

0 

± 

2 

0 

0 

SOUTHBOUND 

22 

1172 

0 

0 

0 

0 

1 

2 

0 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP  IDEAL  N  Fwid  Fhv  Fgr  Fpark  Fbus  Farea  Frt  Fit  s 
EB     LT  1300     1   1.000   0.995   1.000  . 1.000   1.000  0.900   1.000   0.950  1531 


I'ACITY  ANALYSIS  WORKSHEET 


l  LN 

GROUP 

V 

s 

v/s  g/C 

c 

v/c 

CRITICAL 

'  LT 

27 

1531 

0.02  0.22 

340 

0  .  08 

i  RT 

99 

1370 

0.07  0.22 

304 

0  .  32 

LT 

122 

1531 

0.08  0.22 

340 

0  .  36 

1  RT 

O  J 

1370 

0.06  0,22 

J  VJ  ** 

LT 

1531 

0.01  0.07 

X  u  ^ 

TH 

1  O  "3  1 

3224 

0.38  0.53 

X  /  X  ^ 

n  no 

,  LT 

1  X 

1531 

0.01  0.11 

X  /  U 

u  .  u  / 

i  TH- 

■RT 

X  U  X  J 

3224 

0.31  0.58 

X  o  D  J 

:le= 

i 

90  .  0 

i-lVJ  O  i. 

=  12.0 

SUM  V/S  C 

P  T  T  — 
In.  X  i  — 

U  .  y  X 

TOTAL 

V/C  = 

U  .  4t  / 

fEL  OF  SERV 

X  U  ^ 

WORKSHEET 

I  LN 

GROUP 

v/c 

g/c 

C  dl 

c 

d2 

PF 

Delay 

LOS 

Avg 

i  LT 

0  .  08 

0  .  22 

90.0  21. 

06 

340 

0.00 

1  .  00 

21  . 

06 

C 

.  5 

RT 

0  .  32 

0.22 

90.0  22. 

30 

304 

0.23 

0  .85 

19  . 

15 

C 

.9 

LT 

0.36 

0.22 

90.0  22. 

48 

340 

0  .  29 

1 .  00 

22  . 

77 

c 

<^ 

.  4 

,  RT 

0  .  27 

0.22 

90.0  22. 

03 

304 

0  .13 

0  .  85 

18  . 

83 

n 

X 

.6 

LT 

0.22 

0  .  07 

90.0  30. 

23 

102 

0  .18 

1 .  00 

30  . 

41 

D 

0 

.  5 

1  TH 

0.72 

0  .  53 

90.0  12. 

05  1719 

1.02 

0  .85 

11 . 

11 

B 

13 

.7 

LT 

0.07 

0  .11 

90.0  27. 

22 

170 

0.00 

1 .  00 

27  . 

22 

D 

0 

.2 

i  TH- 

RT 

0  .  54 

0  .  58 

90 . 0       8  . 

88  1 

863 

0.26 

0  .85 

7  . 

77 

B 

10 

.  2 

LT 
RT 
LT 
TH 
LT 
,  TH-RT 


1800     1^1.000   0.995  1.000   1.000  1.000   0.900   1.000   0.950  1531 


1800 
1800 
1800 
1800 
1800 


1   1.000  0.995  1.000 

1  1.000  0.995  1.000 

2  1.000  0.995  1.000 


1.000  0.995   1.000  1.000 


1.000   0.995  1.000  1.000 


1.000  1.000  0.900  0 

1.000  1.000  0.900  1 

1.000  1.000  0.900  1 

.000  0.900  1 

.000  0.900  1 


850  1.000  1370 

000  0.950  1531 

000  1.000  3224 

000  0.950  1531 

000  1.000  3224 


95%  Q 


Delay  LOS 
19.55  C 
21.18  C 
11.45  B 
7  .  98  B 
•ERSECTION  DELAY 


=  11 


INTERSECTION  L03=B 


CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  120  SECONDS 
:CH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      41.9  SECONDS 

A  V/C  RATIO  OF    ,95  THE  CYCLE   SHOULD  BE     21.0  SECONDS 
chosen  cycle  length  40.0 
rgested  timing  phase  1  is 
fgested  timing  phase  2  is 
jfgested  timing  phase  3  is 
■gested  timing  phase  4  is 


0 
21 
1 


5  sees  green, 
0  sees  green, 
0  sees  green, 
5  sees  green, 


4,0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 

4.0  sees  yellow  +  red  clear 


CIRCULAR   212  WORKSHEET: 
DATE: 09-10-1991 
ROGERS /RESEARCH/ STADIUM 
GENERAL  CHARACTERISTICS 
CONTROLS:  STOP 
PREVAILING   SPEED:    30  MPH 
MAIN  STREET  #  OF  LANES:    2  LANES 


UNSIGNALIZED  -   4  APPROACHES    (PAGE  1  OF  2 ) 

TIME: 18: 47: 09 
NO  BUILD  1992 


MINOR   STREET  LANES 
APPROACH:    C:    LOWELL  RESEARC 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    STADIUM  PLAZA 
EXCLUSIVE   LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:    ROGERS  NB 
LT        TH  RT 
20   1055  100 

0  .  00 
22 


B:    ROGERS  SB 
LT       TH  RT 
0      856  10 
0  .  00 
0 


C:    LOWELL  RESE  D:    STADIUM  PLA 
LT       TH       RT       LT       TH  RT 
24         5       89     110         2  75 
0  .  00 

26         6       98     121         2  83 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C : LOWELL 


RESEARC 
1105 
6.0 
252 
98 
39 
0  .  69 
Y 


STADIUM  PLAZA 
861 
6  .  0 
344 
83 
.24 
0.82 
Y 


STEP   2   LEFT  TURNS 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


'ROM           B: ROGERS   SB  A: ROGERS  NB 

1155  366 

5.0  5.0 

363  492 

0  22 

0  4 

1.00  0.98 

363  470 
Short  traffic  delay  Little  or  no  delay 

B  A 


CULAR  212  WORKSHEET:  UNSIGNALIZED  -  4  APPROACHES  (PAGE  2  OF  2) 
E: 09-10-1991  TIME : 18  :  47  : 17 

ERS/RESEARCH/STADIUM  NO  BUILD  1992 


P   3  THRU  MOVES   FROM  C : LOWELL 

FLICTING  FLOWS 
TICAL  GAPS 
ACITY 

UST  FOR  IMP 
AND 

ACITY  USED 
EDANCE  FACTOR 
RED  LANE  LEFT 
RED  LANE  RIGHT 


RESEARC  D: STADIUM  PLAZA 

1991  2036 

7.0  7.0 

46  43 

45  42 

6  2 

12  5 

0.92  0.97 

Y  Y 

Y  Y 


P   4  LEFT  TURNS   FROM  C : LOWELL 

FLICTING  FLOWS 
TICAL  GAPS 
ACITY 

UST  FOR  IMP 
RED  LANE  THRU 
RED  LANE  RIGHT 
RED  LN  DEMAND 
ACITY  OF  SHARED  LN 
ILA3LE  RESERVE 
AY 


RESEARC  D: STADIUM  PLAZA 

2068  2130 

7.5  7.5 

31  28 

24  17 

Y  Y 

Y  Y 
130  206 

81  28 

-49  -177 

Failure  Failure 

E*  E* 


SUMMARY  OF  LEVEL  OF   SERVICE  BY  MOVEMENT 

EMENT                                 DEMAND  CAPACITY     RESERVE       LOS         -   ,  / 

FROM  A:                                  22  492               470  A 

MOVES   FROM  C:                   130  81                -49            E*  1*1 

MOVES   FROM  D:                  206  28             -177           E*      '"^  ^ 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  3  APPROACHES 
DATE: 09-10-1991  TIME : 1 8 : 42 : 31 

ROGERS /CLARK  NO  BUILD   1999   PM  PEAK 

GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING   SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR   STREET  LANES 
APPROACH:    C:    CLARK  WB 

SHARED  LEFT  AND  RIGHT  TURN  LANES:  Y 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:    ROGERS  NB 
LT       TH  RT 
0   1054  504 
0  .  00 
0 


B:    ROGERS  SB 

LT  TH  RT 
162     975  0 

0.00 
178 


C:    CLARK  WB 

LT  TH  RT 
441         0  166 

0  .  00 
485         0  183 


STEP   1  RIGHT  TURNS  FRCM  C : CLARK  WB 

CONFLICTING  FLOWS  1306 
CRITICAL  GAPS  6.0 
CAPACITY  196 
SHARED  LANE  Y 


STEP   2   LEFT  TURNS  FROM  B: ROGERS  SB 

CONFLICTING  FLOWS  1558 

CRITICAL  GAPS  5.0 

CAPACITY  237 

DEMAND  17  8 

CAPACITY  USED  75 

IMPEDANCE  FACTOR  0.31 

AVAILABLE  RESERVE  59 

DELAY  Very  long  delay 

LOS  E 


STEP   3   LEFT  TURNS   FROM  C: CLARK  WB 

CONFLICTING  FLOWS  2443 

CRITICAL  GAPS  7.5 

CAPACITY  17 

ADJUST  FOR   IMP  5 

SHARED  LANE  RIGHT  Y 

SHARED   LN  DEMAND  668 

CAPACITY  OF   SHARED   LN  7 

AVAILABLE  RESERVE  -661 

DELAY  Failure 

LOS  E* 


SUMMARY  OF  LEVEL  OF   SERVICE   BY  MOVEMENT 
MOVEMENT  DEMAND  CAPACITY     RESERVE  LOS 

LT  FROM  3:  178  237  59  E 

ALL  MOVES  FROM  C:  668  7  -661  E*  ' 


15  hcm  -  chapter  9:  signalized  -  operational  analysis 

;ers/clark  road 

::ld  conditions  1999  pm  peak 

:e: 09-11-1991  time:08:34:ll 

;t  data  set  names  loaded  or  saved 

.UME=  geometrics=clrkgeo       signal=clrks ig 

.:ated  in  CBD:Y 
jUme  i  geometric s 

volumes  #  of  lanes        lane  width  cross 


LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

0 

0 

0 

0 

0 

0 

0.0 

0  .  0 

0  .  0 

0 

441 

0 

166 

1 

0 

1 

12.0 

0  .  0 

12.0 

0 

0 

1054 

504 

0 

2 

1 

0  .  0 

12  .  0 

12  .  0 

0 

162 

975 

0 

1 

2 

0 

12.0 

12  .  0 

0  .  0 

0 

iFFIC   &  ROADWAY  CONDITIONS 

ADJ  PARK 
I  GRADE   %HV        Y/N  MOVES  BUSES 

0.0%  0.0% 

0.0%  1.0% 

0.0%  1.0% 

0.0%  1.0% 

^SINGS 

EASTBOUND 
1     t     r  p 


PEDESTRIANS 


ARR 


PHF  CROSS   BUT  MIN  TIME  TYPE 


N  0 

0 

.  oco 

0 

N 

7.0 

0 

N  0 

0 

.  900 

0 

N 

7.0 

3 

N  0 

0 

.900 

0 

N 

7  .  0 

3 

N  0 

0 

.900 

0 

N 

7.0 

3 

WESTBOUND 

NORTHBOUND 

SOUTHBOUND  GREEN 

Y  +  R 

PRE /ACT 

1      t     r  p 

1 

t     r  p 

1 

t  r 

P 

*  * 

* 

* 

40  .  0 

4 

A 

* 

* 

6  .  0 

4 

A 

*  * 

* 

25.0 

4 

A 

:le=    8  3.0 

UME  ADJUSTMENT  WORKSHEET 
IT   1    (MOVEMENT  ADJUSTMENTS) 


LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

0 

0 

0 

.  000 

0 

0 

0 

441 

0 

166 

.  900 

490 

0 

184 

0 

1054 

504 

.  900 

0 

-  '  1 

a.  O-  '  ^ 

560 

162 

975 

0 

.  900 

180 

1083 

0 

IT  2 

( LANE 

GROUP  ADJUSTMENTS) 

I  LN 

GROUP 

FLOW  N       LU  V 

Pit 

Prt 

;  LT 

490   1   1.00  490 

1 .  00 

0 

.00 

RT 

184  1   1.00  184 

0  .  00 

1 

.00 

TH 

1171   2   1.05  1230 

0.00 

0 

.00 

RT 

560   1   1.00  560 

0  .  00 

1 

.  00 

LT 

180  1   1.00  180 

1 .  00 

0 

.  00 

TH 

] 

i 

1083  2  1.05  1138 

0  .00 

0 

.00 

It  3 

(OPPOSING  VOLUME  ADJUSTMENTS) 

'T  TURN 

NG  OPPOSED 

TBOUND 
THBOUND 


OPPOSING  APPROACH 


VOLUMES 
LT        TH  RT 
0  0  0 

0   1171  560 


%  OPPOSING  LEFT  TURN 


#  LANES 


OPPOSING 


LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

0 

0 

0 

0 

0 

0 

0 

100 

100 

0 

0 

1 

1171 

RATION  FLOW  ADJUSTMENT  WORKSHEET 


LN  GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Farea 

Frt 

Fit 

s 

LT 

1800 

1 

1 

.000 

0 

.995 

1 

.  000 

1 .  000 

1 

.000 

0  .  900 

.  000 

0 

.950 

1531 

RT 

1800 

1 

1 

.  000 

0 

.  995 

a. 

.  000 

1 .000 

1 

.000 

0.  900 

0 

-850 

i_ 

.  000 

1370 

TH 

1800 

2 

1 

.  000 

0 

.  995 

.  000 

1.  000 

1 

.000 

0.900 

.  000 

1 

.  000 

3224 

RT 

1800 

-1 

± 

.000 

0 

.  995 

-^ 

X 

.000 

1.000 

1 

.000 

0.900 

6 

.  3  50 

-I 

.  000 

1370 

LT 

1800 

1 

.  000 

c 

.  995 

.  000 

1.000 

1 

.000 

0  .  900 

.  000 

0 

-  950 

1531 

130C 

.  000 

0 

_  q  Q  5 

.  000 

1  .  ooc 

.000 

0.900 

') 

.00  0 

3224 

CAPACITY  ANALYSIS  WORKSHEET 

DIR  LN  GROUP         v         s     v/s     g/C  c  v/c  CRITICAL 

WB     LT                 490   1531  0.32  0.30  461  1.06  * 

WB     RT                 184   1370  0.13   0.30  413  0.45 

NB     TH               1230   3224  0.38  0.48  1554  0.79  * 

NB     RT                 560   1370  0.41   0.83  1139  0.49 

SB     LT                 180  1531  0.07   0.12  310  0.58  * 

SB     TH               1138   3224  0.35  0.60  1942  0.59 


CYCLE=  83.0     LOST=12.0     SUM  V/S   CRIT=   0.77  TOTAL  V/C=  0.90 

FOR   THE   SOUTHBOUND  PROTECTED/ PERMISSIVE   LEFT  TURN  LANE  THE  CAPACITY,    V/S  AND  V/C 
RATIOS   HAVE  ALL   BEEN  ADJUSTED  TO  REFLECT  A  CAPACITY  FOR 
7  8   LEFT  TURNS   ON  THE  CHANGE   INTERVAL   AND      4  8   ON  THE   PERMISSIVE  PHASE 


LEVEL  OF  SERVICE  WORKSHEET 


DIR 

LN  GROUP 

v/c 

g/C 

C 

dl 

c 

WB 

LT 

1 .  06 

0.30 

83  . 

0 

22  . 

65 

461 

WB 

RT 

0  .45 

0.30 

83  . 

0 

17  . 

80 

413 

NB 

TH 

0  .79 

0.48 

83  . 

0 

13  . 

69 

1554 

NB 

RT 

0  .49 

0.83 

83  . 

0 

1 . 

52 

1139 

SB 

LT 

0  .  58 

0.60 

83  . 

0 

7  . 

67 

310 

S3 

TH 

0  .  59 

0.60 

83  . 

0 

/  . 

70 

1942 

d2       PF       Delay  LOS  Avg  Q     95%  Q 


51 . 

58 

1 . 

00 

74 

.  22 

F 

14 

.  1 

0  . 

53 

0  . 

35 

15 

.  58 

C 

3 

.  0 

2. 

03 

0  . 

85 

13 

.  36 

B 

14 

.  0 

0  . 

28 

0  . 

85 

X 

.  53 

A 

2 

.  2 

2  . 

01 

1 . 

00 

9 

.68 

B 

3 

.7 

0  . 

34 

0  . 

85 

6 

.84 

B 

9 

.  9 

DIR  Delay  LOS 
WB     58.19  E 
NB       9.6  5  B 
SB       7.23  B 

INTERSECTION  DELAY  =  17.47   INTERSECTION  LOS=C 

THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  50  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      82.5  SECONDS 


FOR  A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     63.8  SECONDS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is  26.2  sees  green,  4.0  sees  yellow  +  red  clear 
suggested  timing  phase  2  is  0.8  sees  green,  4.0  sees  yellow  +  red  clear 
suggested  timing  phase  3  is     22.0  sees  green,       4.0  sees  yellow  +  red  clear 


;5  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

JJERS/CLARK  ROAD 

::LD  conditions   1996  PM  PEAK 

;e : 09-11-1991  time : 08 : 29 : 52 

;T  data   set  NAMES   LOADED  OR  SAVED 

iUME=  GEOMETRICS=CLRKGEO  S IGNAL=CLRKS IG 

.:ated  in  CBD:Y 

iUME   Sc  GEOMETRICS 


VOLUMES  #  OF   LANES  LANE  WIDTH  CROSS 


v/c  ■ 


LT 

TH 

RT 

LT 

TH 

RT 

T 

U 

T 

TH 

RT 

WALK 

0 

0 

0 

0 

0 

0 

0  . 

0 

0  .  0 

0  .  0 

0 

410 

0 

154 

X 

0 

1 

12. 

0 

0  .  0 

12  .  0 

0 

0 

979 

468 

0 

2 

1 

0. 

0 

12  .  0 

12  .  0 

0 

150 

905 

0 

1 

2 

0 

12  . 

0 

12  .  0 

0  .  0 

0 

iFFIC   &   ROADWAY  CONDITIONS 


adj  park 
i  grade  %hv     y/n  moves  buses 


0.0% 

0  .  0% 

N 

0 

0 

0  .  0% 

1 .  0% 

N 

0 

0 

0.0% 

1 .  0% 

N 

0 

0 

0.0% 

1  .  0% 

0 

0 

PEDESTRIANS  ARR 
PHF   CROSS   BUT  MIN  TIME  TYPE 


.  000 

0 

N 

7.0 

0 

.  900 

0 

N 

7  .  0 

3 

.900 

0 

N 

7  .  0 

3 

.  900 

0 

N 

7.0 

3 

iSINGS 

Y^R  PRE/ACT 

4  A 
4  A 
4  A 

:le=  83.0 

I 

!uME  ADJUSTMENT  WORKSHEET 
:T  1    (MOVEMENT  ADJUSTMENTS) 


LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

0 

0 

0 

.  000 

0 

0 

0 

410 

0 

154 

.  900 

4  56 

0 

171 

0 

979 

468 

.  900 

0 

10  8  8 

520 

150 

905 

0 

.  900 

167 

1006 

0 

LT  2 

(LANE 

GROUP 

ADJUSTMENTS) 

1  LN 

GROUP 

FLOW 

N        LU  V 

Pit 

Prt 

,  LT 

456 

1   1.00  456 

1 

.  00 

0 

.  00 

RT 

171 

1   1-00  171 

0 

.  00 

1 

.  00 

i  TH 

1088 

2  1.05  1142 

0 

.  00 

0 

.  00 

i  RT 

520 

1   1.00  520 

0 

.  00 

1 

.  00 

LT 

167 

1  1.00  167 

1 

X 

.00 

0 

.  00 

TH 

1006 

2  1.05  1056 

0 

.  00 

0 

.  00 

EASTBOUND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GREEN 
Itrpltrpltrpltrp 

*     *  *     *  40.0 

*     *  6.0 
*  *  *  25.0 


T  3    (OPPOSING  VOLUME  ADJUSTMENTS) 

T  TURN  OPPOSING  APPROACH 

NG  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN         #  LANES  OPPOSING 


LT 

TH 

RT 

LT 

TH 

RT 

LT  TH 

RT 

VOLUME 

TBOUND 

0 

0 

0 

0 

0 

0 

0  0 

0 

0 

THBOUND 

0 

1088 

520 

100 

100 

0 

0  2 

1 

1088 

URATION  FLOW  ADJUSTMENT  WORKSHEET 


LN  GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

park 

Fbus 

Far  ea 

Frt 

Fit 

s 

LT 

1800 

1 

1 

.  000 

0 

.  995 

J. 

.  000 

1 

.  000 

1 

.000 

0  .  900 

1. 

000 

0 

.  950 

1531 

RT 

1800 

1 

1 

.  000 

0 

.995 

1 

.  000 

1 

.  000 

1 

.  000 

0.  900 

0  . 

850 

1 

.  000 

1370 

TH 

1800 

2 

X 

.  000 

0 

.  995 

1 

.  000 

1 

.  000 

1 

.  000 

0  .  900 

]_  ^ 

000 

1 

.  000 

3224 

RT 

1800 

-L 

1 

.  000 

0 

.  995 

1 

.  000 

1 

.  000 

1 

.  000 

0  .  900 

0*. 

850 

X 

.000 

1370 

LT 

1800 

1 

1 
J. 

.  000 

0 

.  995 

-1 
X 

.000 

1 

.  000 

i_ 

.  000 

0  .  9  0  C 

±  . 

000 

0 

.  950 

1531 

Tr 

1300 

2 

1 

.  000 

0 

.  995 

-L 

.  000 

1 

.  000 

.  000 

0 .  9c: 

1 

000 

1 

.  000 

3  2  Z  4 

CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 

WB  LT 

W3  RT 

N3  TH 

N3  RT 

S3  LT 

S3  TH 


V  s 

456  1531 

171  1370 
1142  3224 

520  1370 

167  1531  0.06  0 
1056   3224  0.33  0 


v/s  g/C 

0.30  0.30 

0.12  0 

0.35  0 


c  v/c 

461  0.99 

30     413  0.41 

48   1554  0.74 

38   0.83   1139  0.46 

12     334  0.50 

60   1942  0.54 


CRITICAL 
* 


LOST=12.0     SUM  V/S   CRIT=   0.71  TOTAL  V/C=  0.33 
FOR  THE   SOUTHBOUND   PROTECTED/ PERMI SS IVE  LEFT  TURN  LANE  THE  CAPACITY,    V/S   AND  V/C 
RATIOS   HAVE  ALL   3EEN  ADJUSTED  TO  REFLECT  A  CAPACITY  FOR 
■'3   LEFT  TURNS   ON  THE   CHANGE   INTERVAL  AND     7  2   ON  THE   PERMISSIVE  PHASE 


LEVEL  OF   SERVICE  WORKSHEET 


DIR 

LN  GROUP 

v/c 

g/C 

C 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

W3 

LT 

0  .  99 

0.  30 

83  . 

0 

21 .  92 

461 

29  .  22 

1  .  00 

51 .15 

E 

10.1 

W3 

RT 

0  .  41 

0  .  30 

83. 

0 

17  .  60 

413 

0  .  40 

0  .85 

15  .  30 

C 

2.8 

N3 

TH 

0  .74 

0  .  48 

83  . 

0 

13  . 11 

1554 

1 .  30 

0.85 

12  .  25 

B 

13.0 

N3 

RT 

0  .  46 

0  .  83 

83. 

0 

1  .45 

1139 

0  .  21 

0  .85 

1 .  41 

A 

2.0 

S3 

LT 

0  .  50 

0.60 

83  . 

0 

7  .13 

334 

1 .  00 

1.00 

8  .13 

B 

3.4 

S3 

TH 

0  .  54 

0  .  60 

83  . 

0 

7  .  41 

1942 

0  .  25 

0  .85 

6  .  51 

B 

9.2 

95%  Q 


|n  DIR  Delay  LOS 
W3     41.36  E 
:3       8.86  B 
6.73  3 
'ERSECTION  DELAY 


f.  SB 


=  13.92   INTERSECTION  LOS=B 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  40  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      69.5  SECONDS 


FOR  A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     47.9  SECONDS 
for  chosen  cycle  length  50.0 

suggested  timing  phase  1  is  18.9  sees  green,  4.0  sees  yellow  +  red  clear 
suggested  timing  phase  2  is  0.0  sees  green,  3.2  sees  yellow  +  red  clear 
suggested  timing  phase  3  is     15.9  sees  green,        4.0  sees  yellow  +  red  clear 


CULAR  212  WORKSHEET:  UNSIGNALIZED  -  3  APPROACHES 
^E: 09-10-1991  TIME : 18 : 34 : 28 

ERS/CLARK  NO  BUILD   1996   PM  PEAK 

ERAL  CHARACTERISTICS 

TROLS:  STOP 

VAILING  SPEED:    30  MPH 

N  STREET  #  OF  LANES:    2  LANES 

OR   STREET  LANES 
ROACH:    C:    CLARK  WB 

RED  LEFT  AND  RIGHT  TURN  LANES:  Y 


ROACH                  A:   ROGERS  NB  B:   ROGERS  SB       C:    CLARK  WB 

LT        TH        RT  LT        TH  RT        LT       TH  RT 

UME                          0     979     468  150     905  0     410         0  154 

CENT  GRADE            0.00                        0.00  0.00 

S  CAR/HR               0  165  451         0  169 


P   1   RIGHT  TURNS  FROM  C : CLARK  WB 

FLICTING  FLOWS  1213 
TICAL  GAPS  6.0 
ACITY  220 
RED  LANE  Y 


P  2   LEFT  TURNS  FROM            B: ROGERS  SB 

FLICTING  FLOWS  1447 

TICAL  GAPS  5.0 

ACITY  266 

AND  165 

ACITY  USED  62 

EDANCE  FACTOR  ■  0.45 

ILABLE  RESERVE  101 

AY  Long  delay 

D 


P   3   LEFT  TURNS  FROM 
FLICTING  FLOWS 
TICAL  GAPS 
ACITY 

UST   FOR  IMP 
RED   LANE  RIGHT 
RED   LN  DEMAND 
ACITY  OF   SHARED  LN 
ILABLE  RESERVE 
AY 


C: CLARK  WB 

2268 
7  .  5 
23 
10 

Y 

620 
14 
-607 
Failure 
E* 


SUMMARY  OF  LEVEL   OF   SERVICE   BY  MOVEMENT 

fSME::T                                  DEMAND  CAPACITY     RESERVE        LOS  i 

FROM  B:                                  165  266                101  D 

MOVES   FROM  C:                   620  14              -607  E* 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  3  APPROACHES 
DATE:09-10-1991  TIME : 1 8 : 32 : 28 

ROGERS/CLARK  NO  BUILD  1995   PM  PEAK 

GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET   #  OF  LANES:    2  LANES 

MINOR   STREET  LANES 
APPROACH:    C:    CLARK  WB 

SHARED  LEFT  AND  RIGHT  TURN  LANES:  Y 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:    ROGERS  NB 
LT       TH  RT 
0     955  457 
0  .  00 
0 


B:    ROGERS  SB 

LT  TH  RT 
147     883  0 

0.00 
162 


C:   CLARK  WB 

LT  TH  RT 
400         0  150 

0.00 
440         0  165 


STEP   1  RIGHT  TURNS  FROM  C : CLARK  WB 

CONFLICTING  FLOWS  1184 
CRITICAL  GAPS  6.0 
CAPACITY  228 
SHARED  LANE  Y 


STEP   2   LEFT  TURNS   FROM  B: ROGERS  SB 

CONFLICTING  FLOWS  1412 

CRITICAL  GAPS  5.0 

CAPACITY  276 

DEMAND  162 

CAPACITY  USED  58 

IMPEDANCE  FACTOR  0.49 

AVAILABLE  RESERVE  115 

DELAY  Long  delay 

LOS  D 


STEP   3   LEFT  TURNS   FROM  C: CLARK  WB 

CONFLICTING  FLOWS  2214 

CRITICAL  GAPS  7.5 

CAPACITY  25 

ADJUST  FOR  IMP  12 

SHARED   LANE  RIGHT  Y 

SHARED   LN  DEMAND  605 

CAPACITY  OF   SHARED  LN  16 

AVAILABLE  RESERVE  -589 

DELAY  Failure 

LOS  E* 


MOVEMENT 
LT  FROM  B: 


SUMMARY  OF 
DEMAND 
162 


LEVEL  OF   SERVICE   BY  MOVEMENT 
CAPACITY     RESERVE  LOS 
276  115  D 


ALL  MOVES   FROM  C 


605 


16 


-589 


5  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

■ERS/CLARK  ROAD 

LD  CONDITIONS   1995  PM  PEAK 

e:09-ll-1991  time : 08 : 25 : 33 

T  DATA   SET  NAMES   LOADED  OR  SAVED 

UME=  GEOMETRICS=CLRKGEO  S IGNAL=CLRKS IG 

ATED   IN  CBD:Y 
UME  &  GEOMETRICS 
VOLUMES 


#  OF  LANES 
LT  TH  RT 

0  0  0 
10  1 
0  2  1 
12  0 


FFIC   &   ROADWAY  CONDITIONS 
ADJ  PARK 


LANE  WIDTH 


LT 

TH 

RT 

0 

0 

0 

400 

0 

150 

0 

955 

457 

147 

883 

0 

LT 
0  .  0 
12  .  0 


TH  RT 
0.0  O.C 
0.0  12.0 
0.0   12.0  12.0 
12.0   12.0  O.C 


PEDESTRIA.NS 


CROSS 
WALK 
0 
0 
0 
0 


ARR 


GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF 

CROSS 

BUT 

MIN  TIME 

TY 

0  .  0% 

0  .  0% 

N 

0 

0 

.  000 

0 

N 

7  .  0 

0 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0 

N 

7.0 

3 

0  .  0% 

1 .  0% 

N 

0 

0 

.900 

0 

N 

7.0 

3 

0.0% 

1 .  0% 

N 

0 

0 

.900 

0 

N 

7.0 

3 

LSINGS 

SASTBOUND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GREEN  Y+R  PRE/ACT 
Itrpltrpltrpltrp 


,LE=  68.0 


30  .  0 

4 

A 

6  .  0 

4 

A 

20  .  0 

4 

A 

UME  ADJUSTMENT  WORKSHEET 
T   1    (MOVEMENT  ADJUSTMENTS) 


LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

0 

0 

0 

.  000 

0 

0 

0 

400 

0 

150 

.  900 

444 

0 

167 

0 

955 

457 

.  900 

0 

1061 

508 

147 

883 

0 

.  900 

163 

981 

0 

T  2 

(LANE 

GROUP 

ADJUSTMENTS) 

LN 

GROUP 

FLOW 

N       LU  V 

Pit 

Prt 

1  LT 

444 

1  1.00  444 

1 

.  00 

0 

.  00 

1  RT 

167 

1   1.00  167 

0 

.  00 

1 

.  00 

TH 

1061 

2  1.05  1114 

0 

.00 

0 

.00 

RT 

508 

1   1.00  508 

0 

.  00 

1 

.  00 

LT 

163 

1   1.00  163 

.  00 

0 

.  00 

TH 

981 

2  1-05  1030 

0 

.  00 

0 

.  00 

T   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

T  TURN  OPPOSING  APPROACH 

NG  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN  #   LANES  OPPOSING 


LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

TBOUND 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

THBOUND 

0 

1061 

508 

100 

100 

0 

0 

2 

1 

1061 

URATION  FLOW  ADJUSTMENT  WORKSHEET 


LN  GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Farea 

Frt 

Fit 

£ 

LT 

1800 

1 

T 

.000 

0 

.995 

X 

.000 

1 .  000 

1 

.  000 

0.900 

1 

-  000 

0 

.950 

1531 

RT 

1800 

1 

1 

.  000 

0 

.995 

1 

.000 

1 .  000 

-1 

.000 

0  .  900 

0 

.850 

1 

.  000 

1370 

TH 

1800 

2 

1 

.  000 

0 

.  995 

n 

.  000 

1 .  000 

.000 

0  .900 

±. 

.  000 

■1 

-  000 

3224 

RT 

1800 

1 

-1 
J. 

.  000 

0 

.995 

.000 

1 .  000 

1 

± 

.000 

0  .900 

0 

.850 

-1 

.  000 

1370 

LT 

1800 

1 

.  000 

0 

.  995 

± 

.  000 

1.000 

.  000 

0  .900 

X. 

.  000 

0 

.  950 

1531 

1800 

2 

1 

.  000 

0 

.995 

.  000 

1 .  00  0 

.  300 

0  .  900 

1 

.  000 

.  000 

>ACITY  ANALYSIS  WORKSHEET 

t  LN  GROUP         V         s     v/s     g/C         c     v/c  CRITICAL 


LT  444   1531   0,29  0.29  450  0.99 

RT  167   1370  0.12  0.29  403  0.41 

TH  1114   3224  0.35  0.44  1422  0.78 

RT  508   1370  0.37  0.79  1088  0.47 

LT  163   1531  0.06  0.15  383  0.43 

TH  1030   3224  0.32  0.59  1896  0.54 


;LE=  68.0     LOST=12.0     SUM  V/S  CRIT=  0.70  TOTAL  V/C=  0.85 

:  THE  SOUTHBOUND  PROTECTED / PERMI S S I VE  LEFT  TURN  LANE  THE  CAPACITY,  V/3  AN 
iTIOS   HAVE  ALL  BEEN  ADJUSTED  TO  REFLECT  A  CAPACITY  FOR 


1  LEFT 

TURNS  ON  THE 

ZHANGE 

INTERVAL  AND 

63 

ON 

THE 

PERMISSIVE 

PHASE 

^EL  OF 

SERVICE  WORKSHEET 

.  LN  GROUP     v/c  g/C 

C 

dl  c 

d2 

PF 

Delay  LOS 

Avg  Q 

LT 

0.99  0.29 

68  .  0 

18.14  450 

29  . 

39 

1  .  00 

47  .  53 

E 

8  .  8 

RT 

0.41  0.29 

68.0 

14.66  403 

0 . 

41 

0  .85 

12.81 

B 

2.2 

TH 

0.78  0.44 

68.0 

12.33  1422 

2. 

07 

0  .85 

12  .  24 

B 

11.2 

RT 

0.47  0.79 

68.0 

1.74  1088 

0  . 

24 

0  .85 

1  .  68 

A 

2.0 

LT 

0.43  0.59 

68.0 

5.85  383 

0  . 

48 

1 .  00 

6  .  33 

B 

2.6 

TH 

0  .  54   0 . 59 

68  .  0 

6.44  1896 

0  . 

25 

0  .85 

5  .69 

B 

7  .  6 

.  Delay  LOS 

38.06  D 
I  8.93  B 
I     5.78  B 

'ERSECTION  DELAY  =   13.03   INTERSECTION  LOS=B 


CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  120  SECONDS 
CH  MINIMIZES  CRITICAL  MOVEMENT  DELAY  IS     67.0  SECONDS 


.  A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     45.3  SECONDS 

chosen  cycle  length  70.0 
■gested  timing  phase  1  is     28.7   sees  green,        4.0  sees  yellow  +  red  clear 
gested  timing  phase  2  is       1.2  sees  green,        4.0  sees  yellow  +  red  clear 
•gested  timing  phase  3  is     24.1  sees  green,        4.0  sees  yellow  +  red  clear 


198  5  HCM  -  CHAPTER 
ROGERS/CLARK  ROAD 
BUILD  YEAR   1992   PM  PEAK 

date :  09-11-1991  tiine:08:21 
LAST  DATA  SET  NAMES   LOADED  OR  SAVED 
VOLUME=  GEOMETRICS=CLRKGEO 
LOCATED   IN  CBD:Y 
VOLUME   &  GEOMETRIC S 
VOLUMES 


SIGNALIZED  -  OPERATIONAL  ANALYSIS 


20 


SIGNAL=CLRKSIG 


ZIR 

LT 

TH 

RT 

EB 

0 

0 

0 

W3 

371 

0 

139 

NB 

0 

88-^ 

424 

SB 

136 

820 

0 

TRA? 

FIC 

&  RO 

ADWAY 

#  OF  LANES 
LT  TH  RT 

0  0  0 
10  1 
0  2  1 
12  0 


LANE  WIDTH 


LT 
0  .  0 

12.0 
0.0 

12.0 


TH 
0  .  0 
0.0 
12  .  0 
12.0 


RT 
0  .  0 
12  .0 
12.0 
0  .  0 


CROSS 
WALK 

0 

0 

0 

0 


ADJ  PARK 


PEDESTRIANS 


ARR 


-  DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF 

CROSS 

BUT 

MIN  TIME 

TYPE 

J  EB 

0  .  0% 

0  .  0% 

N 

0 

0 

.  000 

0 

N 

7  .  0 

0 

':  WB 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

0  .  0% 

1 .  0% 

N 

0 

0 

.900 

0 

N 

7.0 

3 

S3 

0  .  0% 

1  .  0% 

N 

0 

0 

.  900 

0 

N 

7  .  0 

3 

PHASINGS 

EASTBOUND 
1      t     r  p 

1 
2 

3 


WESTBOUND 
1     t     r  p 


NORTHBOUND 

1     t     r  p 
*  * 


SOUTHBOUND 
1     t     r  p 


RE  EN 

Y+R 

PRE 

40  .  0 

4 

A 

6.0 

4 

25.0 

4 

A 

CYCLE=     8  3.0 

VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

0 

0 

.  000 

0 

0 

0 

WB 

371 

0 

139 

.  900 

412 

0 

154 

NB 

0 

887 

424 

.  900 

0 

986 

471 

33 

136 

820 

0 

.  900 

151 

911 

0 

PART  2 

(LANS 

GROUP 

ADJUSTMENTS) 

DIR  LN 

GROUP 

FLOW 

N       LU  V 

Pit 

Prt 

WB  LT 

412 

1   1.00  412 

-1 

.  00 

0.00 

WB  RT 

154 

1   1.00  154 

0 

.  00 

1.00 

N3  TH 

986 

2  1.05  1035 

0 

.  00 

0.00 

NB  RT 

471 

1   1.00  471 

0 

.00 

1.00 

S3  LT 

151 

1  1.00  151 

-1 

.00 

0.00 

SB  TH 

911 

2   1.05  957 

0 

.  00 

0.  00 

PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


TURN 


OPPOSING  APPROACi 


BEING  OPPOSED 

VOLLTMES 

%  OPPOS 

ING  LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH  RT 

LT 

TH  RT 

LT 

TH  RT 

VOLUME 

WESTBOUND 

0 

0  0 

■J 

0  0 

0 

0  0 

0 

SOUTHBOUND 

0 

986  471 

100 

100  0 

0 

2  1 

986 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 
DIR  LN  GROUP 
WB  LT 
RT 

TH 
RT 

LT 


W3 

N3 
NB 

S3 


TK 


IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Farea 

Frt 

Fit 

s 

1800 

1 

1 

.000 

0 

,  995 

1 

.  000 

1 .000 

1 

.000 

0 

.900 

1 

.  000 

0 

.  950 

1531 

1800 

1 

-1 
J. 

.  000 

0 

.  995 

1 

.  000 

1 .000 

1 

.  000 

0 

.900 

0 

.850 

.  000 

1370 

1800 

2 

1 

.  000 

0 

.  995 

1 

.000 

1.000 

1 

.000 

0 

.  900 

1 

.  000 

.000 

3224 

1800 

1 

T_ 

.  000 

0 

.  995 

-1 

.000 

1 .000 

1 

.  000 

0 

.900 

0 

.  850 

1 

.000 

1370 

1800 

1 

.  000 

0 

.  995 

.  000 

1.000 

.  000 

0 

.900 

1 

.  OOC 

0 

.  950 

1531 

1800 

-1 

X 

.  000 

.  995 

■1 

.000 

1  .  00  0 

.  000 

0 

.  900 

1 

.  000 

.000 

3224 

.PACITY  ANALYSIS  WORKSHEET 

R  LN  GROUP         V  s  v/s 

LT                 412  1531  0.27 

RT                 154  1370  0.11 

TH               1035  3224  0.32 
RT 
LT 


g/C  c  v/c 

0.30  461  0.89 

0.30  413  0.37 

0.48  1554  0.67 

471   1370  0.34  0.83  1139  0.41 

151   1531  0.05  0.12  369  0.41 


CRITICAL 
* 


TH 


957   3224  0.30  0.60   1942  0.49 


LE=   83.0     LOST=12.0     SUM  V/S   CRIT=   0.64  TOTAL  V/C=  0.75 
R  THE   SOUTHBOUND   PROTECTED/PERMISSIVE   LEFT  TURN  LANE  THE  CAPACITY,    V/3   AND  V/C 
ATICS   HAVE  ALL   BEEN  .ADJUSTED   TO  REFLECT  A  CAPACITY  FOR 

\b   LEFT  TURNS  ON  THE  CHANGE   INTERVAL  AND     106  ON  THE  PERMISSIVE  PHASE 


tA  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE      36.7  SECONDS 
chosen  cycle  length  60.0 
ggested  timing  phase  1  is     24.1  sees  green, 
bgested  timing  phase  2  is       0.0  sees  green, 
pgesred  timing  phase  3  is     20.2  sees  green, 


VEL  OF   SERVICE  WORKSHEET 

p   LN  GROUP     v/c     g/C  C 

I     LT  0.89  0.30  83.0 

RT  0.37   0.30  83.0 

,     TH  0.67   0.48  83.0 

RT  0.410. 33  83.0 

LT  0.41  0.60  83.0 

TH  0.49  0.60  83.0 


dl 
21  .  07 
17  .  36 


c 

461 
413 


12.47  1554 

1.37  1139 

6.62  369 

7.09  1942 


d2  PF 
13.73  1.00 
0.28  0.85 
0.78  0.85 
0.15  0.85 


Delay  LOS  Avg  Q     95%  Q 


43  1.00 
17  0.8  5 


34  .  81 
14  .  99 
11 .  26 
1.29 
7  .05 
6  . 17 


D 
B 
3 
A 
B 
B 


7  .  3 

2  .  5 
11  .  8 

1 .  3 

3  .  1 

8  .  4 


Delay  LOS 
29.41  D 
I       8.14  B 
I       6.29  B 
TERSECTION  DELAY 


=  11.28   INTERSECTION  LOS=B 


CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  120  SECONDS 
CH  MINIMIZES  CRITICAL  MOVEMENT  DELAY  IS      57.6  SECONDS 


4.0  sees  yellow  +  red  clear 
3.7  sees  yellow  +  red  clear 
4.0  sees  yellow  +  red  clear 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  3  APPROACHES 
DATE: 09-10-1991  TIME : 18 : 30 : 33 

ROGERS/CLARK  NO  BUILD  1991   PM  PEAK 


GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING   SPEED:    30  MPH 

MAIN   STREET  #  OF  LANES:    2  LANES 

MINOR   STREET  LANES 
APPROACH:    C:    CLARK  WB 

SHARED   LEFT  AND  RIGHT  TURN  LANES:  Y 


APPROACH 
VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:    ROGERS  NB 
LT        TH  RT 
0      865  414 
0  .  00 
0 


B:    ROGERS  SB 

LT  TH  RT 
133      800  0 

0  .  00 
146 


C:    CLARK  WB 

LT  TH  RT 
362  0  136 

0  .  00 
398         0  150 


STEP   1   RIGHT  TURNS  FROM  C: CLARK  WB 

CONFLICTING  FLOWS  1072 
CRITICAL  GAPS  6.0 
CAPACITY  263 
SHARED  LANE  Y 


STEP   2   LEFT  TURNS   FROM  B: ROGERS  SB 

CONFLICTING  FLOWS  1279 

CRITICAL  GAPS  5.0 

CAPACITY  318 

DEMAND  146 

CAPACITY  USED  46 

IMPEDANCE  FACTOR  0.62 

AVAILABLE  RESERVE  172 

DELAY  Long  delay 

LOS  D 


STEP    3   LEFT  TURNS   FROM  C: CLARK  WB 

CONFLICTING  FLOWS  2005 

CRITICAL  GAPS  7.5 

CAPACITY  34 

ADJUST  FOR   IMP  21 

SHARED   LANE   RIGHT  Y 

SHARED  LN  DEMAND  548 

CAPACITY  OF   SHARED   LN  2  8 

AVAILABLE  RESERVE  -520 

DELAY  Failure 

LOS  E* 


SUMMARY  OF  LEVEL  OF   SERVICE  BY  MOVEMENT 

MOVEMENT                                  DEMAND  CAPACITY     RESERVE  LOS 

LT  FROM  B:                                 146  318                17  2  D 

ALL  MOVES   FROM  C:                   548  28              -520  E* 


AIR  QUALITY  ANAL  YSIS  FOR 
MONUMENT  SQUARE  PROJECT 
LOWELL,  MASSACHUSETTS 


MONMNTSQ.WKl 


MONUMENT  SQUARE 
LOWELL,  MA 


IMPROVEMENTS 


AIR  QUALITY  ANALYSIS 


EMISSIONS  ;kg/day) 


EXISTING  CONDITIONS 
DELAY    (HOURS /DAY) 


ANALYSIS  YEAR 
1992 


3T  7  —  * 

X0-3UILD 
NET 


258 . 37 
1144 .95 
-886. 58 


1995 


BUILD 

N0-3UILD 

NET 


3UILD 

N0-3UILD 

NET 


NMHC 


6  .  09 

2  / 

-20  .91 


N/A 
N/A 
N/A 


CO 


113.43 
502.63 
•389  .15 


100 . 44 
563 . 68 
463  .  24 


.996 


3UILD 

NO-BUILD 

NET 


6  .  6 
39  .  58 
-32 . 98 


N/A 
N/A 

N/A 


1999 


3o  I LD 
NO- BUILD 
NET 


8  .  23 
57  .06 
-48 .83 


N/A 
N/A 
N/A 


AIRCALC.WPG 

ME  RR I MAC  K / WORTH EN / AR C  AND 
INTERSECTION 


YEAR 


1992 

DELAY/SEC 

DELAY/ HR 

CO 

3UILD 

3,025 

3  .  40 

3  , 

69 

N0-3UILD 

70, 936 

196 . 99 

86  . 

52 

NET 

(67 ,911) 

-188 . 59 

(32  . 

83) 

YEAR 

1992 

DELAY/ SEC 

DELAY / HR 

NMHC 

3  c  a.  i  1 0 

3,025 

3  .  40 

0  . 

20 

NC-3UILD 

7  0,936 

196  .  99 

4  . 

65 

NET 

^67,311) 

-183 . 59 

(4  . 

45) 

YEAR 

1995 

DELAY / SEC 

DELAY /"R 

CO 

•J     t              -m^  \t 

9  32 

> 

92 

N0-3UILD 

101 , 152 

280 . 90 

37  . 

87 

NET 

>  9  7  ,  7  S  6  ) 

-271  .  53 

(34. 

96) 

YEAR 

1996 

DELAY/ SEC 

ielay/:-:r 

NMHC 

3UILD 

3  ,  439 

9.69 

0. 

18 

NO-3'JILD 

114, 993 

319 . 35 

6. 

03 

NET 

(111 , 509) 

-309.66 

\  5  . 

84) 

YEAR 

1999 

DELAY/SEC 

DELAY /:-:r 

NMHC 

3UILD 

3,  849 

10.69 

0. 

19 

NO -BUILD 

170, 522 

473 . 54 

8  . 

23 

NET 

{166, 673) 

-462 . 85 

(8. 

04) 

AIRCALC .WPG 

MERRIMACK/DUTTON/ARCAND 
INTERSECTION 

YEAR 


1992 

^  CtijJ\  1  /  OCj<^ 

-/CiLA  I  /  nR 

CO 

34,8  22 

96.70 

42 

.  47 

NO-3'JILD 

168 , 923 

469 . 10 

206 

.  04 

NET 

(134, 102) 

-372.40 

(16  3 

.57) 

YEAR 

^  7  ^ 

JttLiA  I  /  b^C 

DELAY/rlR 

NMHC 

O  T7  "T"  T 
OU  ^  ij  J 

34,822 

96  .  70 

-  28 

NO-3'JIID 

168 , 923 

469 . 10 

.  07 

NET 

(134, 102; 

-372. 40 

3 

.79) 

YEAR 

—  J  5  J 

jchjAy/  sec 

DELAY/HR 

CO 

so  X  JJiJ 

41,088 

114  .  10 

.  69 

NO-3'JILD 

257 , 407 

714  .82 

22: 

62 

NET 

;  216 , 320 ) 

-500 .72 

(is- 

92. 

YEAR 

1996 

DELAY/ SEC 

DELAY/ :-;r 

NMHC 

3UILD 

43 , 346 

121 .76 

30 

NO-3'JILD 

296 , 003 

322 . 00 

51 

NET 

(252, 157) 

-700.24 

{ — i . 

21) 

YEAR 

1999 

DELAY/SEC 

DELAY/HR 

NMKC 

BUILD 

55,275 

153.50 

2  . 

67 

NO-BUILD 

442, 204 

1228.00 

o  - 

33 

NET 

(386,928) 

-1074 . 50 

(13. 

66) 

AIRCALC .WPG 


ARCAND  ST.    &  FRENCH  ST 
INTERSECTION 


YEAR 


1992 

DELAY/ SEC 

DELAY/ FR 

CO 

3UILD 

55,191 

153.27 

67  . 

32 

NO- BUILD 

172! 222 

478.26 

210. 

07 

NET 

(117,031) 

-324.99 

(142. 

75) 

YEAR 

1932 

DELAY/ SEC 

DELAY/ HR 

NMHC 

BUILD 

55,191 

153.27 

3  . 

62 

NO -BUILD 

172 , 222 

478, 26 

29 

NET 

(117,031) 

-325.00 

( 7  . 

67) 

YEAR 

1995 

DELAY /SEC 

DELAY /'-R 

CO 

71    '  fifi 

/  X  f  ^  V  0 

6' 

NO- BUILD 

290 , 293 

806. 14 

252. 

19 

NET 

(219 , 125) 

-608. 51 

vl90. 

36) 

1996 

DELAY/ SEC 

DELAY /HR 

NXHC 

BUILD 

78 , 648 

213.41 

/< 

■*  . 

12 

NO- BUILD 

344 , 516 

956.72 

13  . 

05 

NET 

(265,  863,^ 

-733. 32 

(13  . 

93) 

YEAR 

1599 

DELAY/SEC 

D S LAY/ HR 

NTIHC 

BUILD 

111,455 

309. 51 

5 . 

38 

NO-BUILD 

570, 812 

1585. 15 

27  . 

53 

NET 

(459,357) 

-127  5.64 

(22. 

16) 

m 


51 :  47 


&5  nCM  -  CHAPTER  9:   SIGNALIZED  -  OPERATIONAL  ANALYSIS 
kRIMACK/DUTTON/ARC  AND 
92  N0-3UILD  CONDITIONS 
te:  10-28-1992  tijne:09; 
^T  DATA  SET  NAMES   LOADED  OR  SAVED 
Ljms=duttonv  GE0METRICS=AIKENA 
:ATED  in  CBD:Y 

juME  &  geometric s 

VOLUMES 


signal=duttons 


#  OF  lanes 
'K  RT 
2  0 
0  0 
2  0 


AFFIC   i  ROADWAY  CONDITIONS 

ADJ  PARK 


LANS  WIDTH 


LT 

TH 

RT 

LT 

39 

426 

0 

0 

0 

0 

0 

0 

443 

312 

130 

0 

27 

0 

503 

0 

LT  TH 
0.0  12.0 
0.0  0.0 
0.0  12.0 
0.0  12.0 


RT 
0.0 
0.  G 
0.0 
12  .  C 


CROSS 
WALK 
48 
24 
30 
30 


PEDESTRIANS 


ARR 


GRADE 

%HV 

Y/N  MOVES 

BUSES 

?:-:f  CROSS  au?  min  tim 

TYPE 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5       Y  19.0 

3 

0  ,  0% 

0  .  0% 

N  0 

0 

.  900 

5       Y  19.0 

3 

0  .  0% 

4.0% 

N  0 

0 

.  900 

5       Y  14.5 

3 

0.0% 

4.0% 

N  0 

0 

.  900 

5       Y  14.5 

3 

ING  3 

SASTBOiJND 

WESTBOUND 

NORT 

H30UND 

SOUTHBOUND  GRE 

EN 

PRE/ACT 

J.  z. 

r  p 

1     t     r  p 

J.  u 

r  p 

1     u     r  p 

*  * 

* 

36 

.  0 

30 

p 

*           *  36 

.  0 

30 

? 

CLS=   13  2.0 


UME  ADJUSTMENT  WORKSHEET 


iiUMa 

r: 

r 


1  (MOVEMEN 

T  ADJ 

ustme: 

^'TS) 

LTV  THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

39  426 

0 

.900 

43 

473 

0 

0  0 

0 

.900 

42 

237 

60 

443  312 

130 

.  900 

492 

347 

144 

27  0 

503 

.900 

30 

0 

559 

RT  2 

{ LANS 

GROUP 

ADJUSTMENTS) 

R  LN 

GROUP 

FLOW 

N       LU  V 

■D 

It 

Prz 

LT- 

TH 

517 

2  1.05  543 

0  . 

08 

0 

.  00 

-  rn 
U  i 

TH-RT 

983 

2  1.05  1033 

0  . 

50 

0 

.15 

LT- 

TH 

30 

1  1.00  30 

00 

0 

.  00 

RT 

559 

1  1.00  559 

0  . 

00 

1 

.00 

RT  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


rT  TURN 


OPPOSING  APPROACH 


ING  OPPOSED 

VOLUMES              %  OPPOS 

ING  LE 

FT  TURN  # 

LANiS 

OPPOSING 

LT 

TH        RT  LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

ST30UND 

42 

237        60  0 

0 

0 

0 

0 

0 

0 

RTHBOUND 

30 

0     559  100 

0 

0 

0 

0 

UTHBOUND 

492 

347      144  100 

100 

100 

0 

2 

0 

983 

Duration  flow  adjustment  worksheet 

R  LN  GROUP 

IDaAL 

N     Fwid       Fhv  Fgr 

Fpar 

?bus 

Farea 

?r- 

Flu 

s 

LT-TH 

1800 

2  1.000   0.980  1.000 

1.000 

1.000 

0.900  1 

.  000 

1 .  000 

3 1  ~  6 

LT-TH-RT 

1800 

2  1.000  0.980  1.000 

1 .  000 

1.000 

0.900  1 

.  000 

1 .  000 

31~6 

LT-TH 

1800 

1  1.000  0.980  1.000 

1 .000 

1.000 

0.900  1 

.  000 

0.  Ill 

17  6 

RT 

1800 

1  1.000  0.980  1.000 

1 .  000 

1.000 

0.900  0 

.350 

1 .  000 

1350 

pplemental 

WORKS H 

EET  FOR   LEFT -TURN  ADJ 

U3TMEN 

-  FACTOR  FLT 

PUT  variables 

DIR     C        G  N 
SB   132      36  1 
CALCULATIONS 
DIR  Sop  Yo 
S3   2292  0.429 


Va 

30 


559 


Vlt 
30 


Gu  Fs 
0.000  0.260 


Pit  No 
.00  2 


Vo  Plto 
983  0.50 


?1  Gq         Pt  Gf 

1.000   36.000   0.000  0.000 


4.320  0 


r  m       Fj.  t 

.XX      0  .  ^  X  X 


CAPACITY  ANALYSIS  WORKSHEET 


DIR   LN  GROUP 
E3  LT-TH 
N3  LT-TH-RT 
S3      u  T  ~  T  n 
S3  RT 

CYCLE=132 . 0 


CRITICAL 


s     v/s     g/C         c  v/c 
3176  0.17  0.27     866  0.63 
3176  0.33   0.27     866  1.19 
176  0.17   0.00         0  0.00 
1350   0.41   1.00  1350  0.41 


LOST=60.0      SUM  V/S   CRIT=   0.17  TOTAL  V/C=  0.3: 


LEVEL  Or    SERVICE  WORKSHEET 


DIR 

E3 

N3 

S3 

S3 


LN  GROUP 

LT-TH 

LT-TH-RT 

LT-TH 

RT 


v/c  g/C 
0.63  0.27 


19 
00 
41 


27 
00 
00 


C 

132 
132 
132 
132 


Qx 

32.00 
39.  31 
0.00 
0.00 


c 

866 
866 
0 

.350 


d2 

1 .03 
106.74 
0  .  00 
0.12 


?F 

1.00 
1 .  00 
1 .  00 
1  .  00 


Delay  LOS  Avg  Q     95%  Q 
33.02     D  13.8 


146.05 
0.00 
0  . 12 


F  53  .  0 
A  1.1 
A  0.0 


DIR  Delay  LOS 
E3     33.02  D 
N3   146.0  5  F 
S3        0.12  A 
INTERSECTION   DELAY   =   7  8  .  0 0_  INTERSECTION  LOS  =  F 

THE  CYCLE  LENGTH  WITHIN  THE  30UNDS  OF  50  TO  7  0  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      50.0  SECONDS 


FOR  A  V/C   RATIO  OF    .95  THE  CYCLE   SHOULD   3S     73.2  SECONDS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is     11.1  sees  green,      30.0  sees  yellow 
suggested,  timing  pnase  2  is       O.C  sees  green,      30.0  sees  yellow  -r 


reo  c_ear 
rea  clear 


I! 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

MERRIMACK/DUTTON/ARCAND 

1995  NO-BUILD  CONDITIONS 

date : 10-28-1992  t ime : 09 : 48 : 26 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

VOLL'ME=DUTTONV         GEOMSTRICS=AIKENA  3IGNAL=DUTT0NS 
LOCATED   IN  C3D:Y 
VOLUME   &  GEOMETRIC S 

VOLUMES  #  OF   LANES  LANE  WIDTH  CROSS 


DIR 

LT 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

S3 

42 

459 

0 

0 

2 

0 

0.0 

12  .  0 

0  .  0 

43 

W3 

0 

0 

0 

0 

0 

0 

0.0 

0  .  0 

0  .  0 

24 

NB 

477 

336 

140 

0 

2 

0 

0.0 

12.0 

0  .  0 

30 

SB 

29 

r\ 

542 

0 

1 

0.0 

12.0 

12  .  0 

30 

TRAFFIC   &   ROADWAY  CONDITIONS 


ADJ 

PARK 

PEDS 

STRI 

ANS 

ARR 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

3USE3 

PHF 

CROSS 

3UT 

MIN  T 

IME 

TYPE 

E3 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y 

19. 

0 

3 

W3 

0.0% 

0.0% 

N 

0 

0 

.  900 

5 

Y 

19. 

0 

3 

N3 

0.0% 

4.0% 

N 

0 

0 

.  900 

5 

Y 

14  . 

5 

3 

S3 

0  .  0% 

4.0% 

N 

0 

.900 

5 

Y 

1 4  . 

3 

PHASINGS 

EAST30'J:»-D  westbound  NORTHBOU'ND  SOUTHBOUND  GaEEN  Y-R  pre/ AC 
1-rpltrpli.rpltrp 

1  «      «  *  «  36.0     30  ? 

2  ***  *  *  36-030? 

CYCLE=  132.0 


VOLUME   ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

E3 

42 

459 

0 

.  900 

47 

510 

0 

W3 

0 

0 

0 

.  900 

42 

237 

60 

N3 

477 

336 

140 

.  900 

530 

373 

156 

S3 

29 

0 

542 

.  900 

32 

0 

602 

PART   2    (LANE  GROUP 

DIR  LN  GROUP  FLOW 

SB     LT-TH  557 

NB     LT-TH-RT  1059 

S3     LT-TH  32 

SB     RT  602 


ADJUSTMENTS) 

N       LU         V     Pit  Prt 

2   1.05     585  0.08  0.00 

2  1.05  1112   0.50  0.15 

1   1.00       32   1.00  0.00 

1   1.00     602   0.00  1.00 


PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 

BEING  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN  #   LANES  OPPOSING 


LT 

TH 

RT 

LT 

TH 

RT 

LT 

RT 

VOLU*ME 

EAST30U"ND 

42 

237 

60 

0 

0 

0 

0 

0 

0 

0 

NORTHBOUND 

32 

0 

602 

100 

0 

0 

0 

0 

SOUTHBOUND 

530 

373 

156 

100 

100 

100 

0 

2 

0 

1059 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

p« 

i. 

area 

r  r  t 

Fit 

s 

S3 

LT 

-TH 

1800 

2 

.  000 

0 

.  980 

1 

.000 

1.000 

1 

.000 

0 

.  900 

J. 

.  oco 

1 .  000 

31 

7  6 

N3 

LT 

-TH-RT 

1800 

2 

1 

.  000 

0 

.  980 

j. 

-  000 

1.000 

.  000 

0 

.  900 

.  000 

1  .  000 

31 

76 

S3 

LT 

-TH 

1800 

X 

.  000 

0 

,  980 

i. 

.  000 

1.000 

.000 

0 

.  900 

.  oco 

0.111 

7  6 

S3 

RT 

1800 

J. 

1 

.  000 

0 

.  980 

1 

.  000 

1 .000 

.  000 

0 

.  900 

0 

.  850 

1 .  000 

50 

SUPPLEMENTAL  WORKSHEET  FOR   LEFT-TURN  ADJUSTMENT  FACTOx  FLT 
INPUT  VAAIA3LES 
DIR     C       G     N       Va  Vm 
SB  132     36     1       32  602 
CALCULATIONS 
DIR   Sop         Yo  Gu 
Sa   2210   0.479     0.000  0 


Vlt     Pit  No       Vo  Plto 
32  1.00     2  1059  0.50 


Fs  ?1  Gq  ?t 

213  1.000  36.000  0.000 


Gf 
000 


5.  27 


r  m 

0 . Ill  0 


F^t 


CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 
E3  LT-TH 
N3  LT-TH-RT 
b3      jjT  — TH 
S3  RT 


V  s  v/  s 

585  3176  0.18 

112  3176  0 

32  176  0 


g/c 
0  .  27 
35  0.27 
18  0.00 


602  1350  0.45  1.00 


C  V/C 

366  0.67 

866  1.23 

0  0.00 

.350  0.45 


critica: 


CYCLS=132.0     LOST=60.0      SUM  V/S  CRIT=  0.13   TOTAL  V/C=  0.34 


LEVEL  OF  SERVICE  WORKSHEET 
DIR  LN  GROUP  V/ c  g/C  C 
E3     LT-T:-:  0.67   0.27  132 

N3  LT-TH-RT  1.28  0.27  132 
53     LT-TH  0.00   0.00  132 


S3  r: 


0.45   1.00  132.0 


a-. 

32  .  51 
40  .  32 
0  .  00 


c 

866 
366 
0 


0.00  IjoO 


d2  ??       Je'^ay  LOS  Avg  Q 

1 . 47  1 . 00        33.93     D  14.3 

172.67  1.00     213.4  9     F  76.9 

0.00  1.0  0  O.CC     A  _.2 


9  5% 


.16  1.00 


0  .  16 


A 


0  .  0 


DIR  Delay  LOS 
E3     33.93  D 
i\3   213.49  F 
S3       0.16  A 

INTERSECTION  DELAY  =110.40   INTERSECTION  LOS=F 

THE  CYCLE  LENGTH  WITHIN  THE  30UNDS  OF  50  TO  7  5  SECONDS 
WHICH  MINIMIZES   CRITICAL   MOVEMENT   DILAY   IS      50.0  SECC-N.DS 


FOR  A  V/C   RATIO  OF    .95   THE   CYCLE   SHOULD   BE      74.4  SECONDS 
for  chosen  cycle  lenguli  65.0 

suggested  riming  phase  1  is  12.0  sees  green,  30.0  sees  yellow  -r 
sugge5~ed  "i.Tiing  pr.ase  2  is       0.0   sees  green,      30.0  sees  yel«ow  - 


rea  c-ea: 
red  clea] 


198  5  nCM  -  CHAPTER   9:    SIGNALIZED  -  OPERATIONAL  AiNALYSIS 

MSRRIMACK/DUTTON/ARCAND 

1996  N0-3UILD  CONDITIONS 

date : 10-28-1992  t ime : 09 : 44 : 10 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

V0LUME=DUTT0NV         GEOMETRICS=AIKENA  SIGNAL=DUTTONS 
LOCATED   IN  C3D:Y 
VOLUME  i  GE0METRIC3 

VOLUMES  #  Or    LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

EE 

43 

471 

0 

0 

2 

0 

0.0 

12.0 

0  .  0 

48 

W3 

0 

0 

0 

0 

0 

0 

0  .  0 

0.0 

0  .  0 

24 

N3 

439 

344 

144 

0 

2 

0 

0  .  0 

12  .  0 

0  .  0 

30 

S3 

29 

0 

556 

0 

0.0 

12  .  0 

12  .  0 

30 

TRAFFIC  &  ROADWAY  CONDITIONS 

AD J   PARK  PEDESTRIANS  ARR 


DIR 

GRADE 

%HV 

Y/N  MOVES 

3USSS 

?:-:f 

CROSS 

BUT 

MIN  TIME 

TY 

E3 

0.0% 

4  .  0% 

N  0 

0 

.  90  0 

Y 

19.0 

3 

W3 

0  .  0% 

0  .  0% 

N  0 

0 

.  900 

5 

Y 

19.0 

■J 

N3 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5 

Y 

14.5 

3 

S3 

0.0% 

4  .  0% 

N  0 

0 

.  900 

5 

Y 

14.5 

3 

? HA SINGS 

SAST30UND  WEST30UND  NORTHBOUND  SOUTHBOUND  GREEN  Y-R  PRE/ACT 
Icrpltrpltrpicrp 

1  *     *  *  *  36.0  30  ? 

2  *****36.0  30P 

CYCLE=  132.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART  1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

43 

•  -7 

-r  /  ^ 

0 

.  900 

43 

52  3 

0 

W3 

•J 

0 

0 

.  900 

42 

237 

60 

N3 

489 

344 

144 

.900 

543 

33  2 

160 

SB 

29 

0 

556 

.900 

32 

0 

618 

PART  2 

( LANE 

GROUP 

DIR  LN 

GROUP 

FLOW 

S3  LT- 

TH 

571 

N3  LT- 

TH-RT 

1086 

SB  LT- 

TH 

32 

S3  RT 

618 

ADJUSTMENTS ) 

N       LU         V     Pit  Prt 

2  1.05     600  0.08  0.00 

2  1.05  1140  0 . 50  0.15 

1  1.00       32  1.00  0.00 

1  1.00     618  0.00  1.00 


PART   3    (OPPOSING  VOLU"ME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 


BEING  OPPOSED 

VCLUHE 

S 

%  OPPGS 

ING  L 

EFT  TURN 

# 

LANE 

S 

OPPOSING 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLU'ME 

EAST30U"ND 

42 

237 

60 

0 

0 

0 

0 

0 

0 

0 

NORTHBOU'ND 

32 

0 

618 

100 

0 

0 

0 

1 

J. 

0 

SOUTH30U:\D 

543 

382 

160 

100 

100 

100 

0 

2 

0 

1086 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP     IDEAL  N     Fwid       F.iv       Fgr  Fpark  Fbus  Farea       Frt       Fit  s 

E3     LT-TH           1800     2  1.000  0.980  1.000  1.000  1.000  0.900  1.000   1.000  3176 

NB     LT-TH-RT     1800     2  1.000  0.980  1.000  1.000  1.000  0.900  1.000   1.000  3176 

SB     LT-TH            1800      1   1.000   0.980   1.000  1.000  1.000  0.900   1.000   0.111  176 

SB     RT                  1800     1  1.000  0.980  1.000  i.OOO  1.000  0.900  0.350   1.000  1350 


SUPPLEMENTAL  WORKSHEET  rOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 

DIR  C  G  N  Va  Vm  Vlt  Pit  No  Vo  Plto 
SB  132  36  1  32  618  32  1.00  2  1086  0.50 
CALCULATIONS 

DIR  Sop         Yo  Gu         Fs         PI  Gq         ?t  Gf  £1         Fm  Fit 

S3   2130  0.498     0.000  0.197   1.000  36.000  0.000     0.000     5.724  0.111  0.111 


CAPACITY  ANALYSIS  WCRKSH2ZT 
DIR  LN  GROUP         v         s     v/s  g/C 

E3     LT-TH  600  3176   0.19  0.27 

N3  LT-TH-RT  1140  3176  0.36  0.27 
33     LT-TH              32      176   0.18  0.00 


S3  RT 


c  v/c 
366  0.69 
366  1.32 
0  0.00 

613  1350  0.46   1.00  1350  0.46 


critica: 


CYCLE=132.0     LOST=60.0      SUM  V/S  CRIT=  0.19  TOTAL  V/C=  0.35 


LEViL  OF   SERVICE  WORKSHEET 


DIR 

E3 

N3 

SB 

S3 


LN  GROUP 

LT-TH 

LT-TH-RT 

•  m  _  rp  - - 

RT 


v/c 
0.  69 


g/C 
0  .27 


1.32  0.27 
0  .  00 
0  .  46 


C 

132 
132 
0.00  13  2 
1.00  132 


3  2.71 
41 .  38 
0  .  00 
0.00 


c 

866 
366 

0 

.350 


1 .  67 


?F 

1 .  00 


200.02  1.00 
0.00  1.00 
0.13  1.00 


Delay  LOS  Avg  Q 
34.37     D  15.2 
241.39     ?  37.3 
0.00     A  1.2 
0.13     A  0.0 


55%  Q 


DIR  Delay  LOS 
Z3     34.37  D 
N3   241.39  F 
S3        0.17  A 
INTERSECTION  DELAY 


=123.82    INTERSECTION  LOS=? 


THE   CYCLE   LEx^GTH  WITHIN  THE   BOUNDS  OF     60     TO     7  5  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      60.0  SECONDS 

FOR  A  V/C   RATIO   CJ    .55   THE   CYCLE   SHOULD   3E      74.9  SECONDS 
for  chosen  cycle  lengz.i  60.0 

suggested  aiming  pnase  1  is  11.3  sees  green,  30,0  sees  yellow  -r  red  clear 
suggested  ti.ning  pnase  2   is       0.0  sees  green,      30.0  sees  yellow       red  c.ear 


1985  HCM  -  CHAPTER   9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 
MERRIMACK/ DUTTGN/ARCAND 
1999  N0-3UILD  CONDITIONS 

date : 1 0-28-1992  t ime : 09 : 55 : 1 5 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

VOL'JMZ=D'JTTONV         GSOMETRICS=AIKENA  S  IGN'AL=DUTTONS 

LOCATED   IN  C3D:Y 
VOLUME  &  GSOMETRICS 

VOLUMES  #  OF  LANES  LANE  WIDTH  CROSS 

DIR     LT       TH       RT  LT  TH  RT  LT       TH       RT  WALK 

E3       46     507         0  0     2     0  0.0   12.0     0.0  48 

WB         0         0         0  000  0.00.00.0  24 

N3     526     370     155  0     2     0  0.0   12.0     0.0  30 

S3       32         0     598  Oil  0.0   12.0  12.0  30 

TRAFFIC   &  ROADWAY  CONDITIONS 

ADJ   PARK  PEDESTRIANS  ARR 


DIR  GRADE 

%HV 

Y/N  MOVES 

3USES 

PHF   CROSS   3UT  MIN  TIMS 

TYPE 

E3  0.0% 

4  .  0% 

N  0 

0 

.  900 

5       Y  19.0 

3 

W3  0.0% 

0.0% 

N  0 

0 

.  900 

5       Y  19.0 

3 

:;3    0 . 0% 

4  .  C% 

N  0 

0 

.  900 

5       Y  14.5 

3 

S3  0.0% 

4  .  0% 

N  0 

0 

.  900 

5       Y  14.5 

3 

P HA SINGS 

2AST30UND 

WEST30L"ND 

NCRT 

H30UND 

S0UTH30UND  GREEN 

Y^R 

PRS/ACT 

1  t 

r  p 

1     u     r  p 

1  z 

r  P 

1     i:     r  p 

2      *  * 

* 

*           36  .  0 

30 

p 

2 

*  * 

* 

*           *  36.0 

30 

? 

VOLU"MS  ADJUSTMENT  WORKSHEET 
PART  1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PH? 

LTFR 

THFR 

RTFR 

E3 

46 

-  ^ 

3U  / 

0 

.  900 

563 

0 

W3 

0 

0 

0 

.  900 

42 

237 

60 

N3 

526 

370 

155 

.  900 

534 

411 

17  2 

S3 

32 

0 

598 

.  900 

36 

0 

664 

PART   2    (LANE  GROUP 

DIR  LN  GROUP  FLOW 

E3     LT-TH  614 

N3     LT-TH-RT  1163 

S3     LT-TH  36 

S3     RT  664 


ADJUSTMENTS) 
N  LU  V  Plu  Prr 
2  1.05  645  0.08  0.00 
2  1.05  1226  0.50  0.15 
1  1.00  36  1.00  0.00 
1   1.00     664   0,00  1.00 


PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPCS 

ING  APPROACH 

3EING  OPPOSED 

VOLU'M 

SS 

%  OPPOSING  LEFT  TURN 

# 

LANES 

GPPOSIN( 

LT 

TH 

RT 

LT       TH  RT 

LT 

TH 

RT 

VOLU-ME 

EAST30UND 

42 

237 

60 

0         0  0 

0 

0 

0 

0 

NORTHBOUND 

36 

0 

664 

100         0  0 

0 

1 

0 

SOUTHBOUND 

584 

411 

172 

100     100  100 

0 

2 

0 

1168 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR  LN  GROUP 

EB  LT-TH 

N3  LT-TK-RT 

:3  LT-TH 

3  RT 


-DEAL  N     Fwid  Fhv  Fgr  Fpark  Fbus  Farea 

1800  2  1.000  0.980  1.000  1.000  1.000  0.900 

1800  2  1.000  0.980  1.000  1.000  1.000  0.900   1.000  1.000 

1800  1  1.000  0.980  1.000  1.000  1.000  0.900  1.000  0.111 

1800  1  1.000  0.980  1.000  1.000  1.000  0.900  0.850  1.000 


Frt       Fit  s 
000   1.000  3176 
317  6 
176 
1350 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT  J'\' 
INPUT  VARIABLES 

DIR     C       G     N       Va       Vm     Vlt     Pit  No       Vo  Plto 

SB  132     36     1       36     664       36  1 . 00     2  1168  0.50  A^^l 

CALCULATIONS  |^^|' 
DIR  Sop         Yo           Gu         Fs         Pi           Gq         ?t           Gf           51         cm  Fit 

S3   2088   0.559     0.000  0.145   1.000   36.000  0.000     0.000     7.751   0.111  0.111  r^*" 

I  vol 

CAPACITY  ANALYSIS  WORKSHEET  I  . 

DIR  LN  GROUP         v         s     v/s     g/C         c     v/c     CRITICAL  |P 
i3     LT-TH           645  3176  0.20  0.27     866  0.74  * 
N3     LT-TH-RT  1226  3176   0.39  0.27     366  1.42 

S3     LT-TK  36     176   0 . 20  0 . 00         0  0 . 00  \^ 

S3     RT  664  1350   0.49   1.00   1350  0.49 

CYCLE=132.0     LOST=60.0      SUM  V/S  CaIT=  0.20  TOTAL  V/C=  0.37 

LEVEL  OF   SERVICE  WORKSHEET  W^p 

DIR  LN  GROUP     v/c     g/C       C  dl         c  d2       ?J       Delay  LOS  Avg  Q     95%  1^^ 

E3  LT-TH  0.74  0.27  132.0  33.29  866  2.46  1.00  35.75  D  15.4  T"^ 
N3     LT-TH-RT  1.42  0.27   132.0     43.21     866     298.45   1.00     341.66     ?  126.4 

S3     LT-TH         0.00  0.00   132.0       0.00         0         0.00   1.00         0.00     A       1.3  l^^ 

33     RT  0.49  1.00   132.0       0.00   1350         0.24   1.00         0.24     A       0.0  ^ 

DIR  Delay  LOS  | 

E3     3  5.75     D  I 

N3  341.66     ?  |1 

S3       0.23     A  |2 

INTERSECTION  DELAY  =171.96   INTERSECTION  LOS  =  J  I  3 

THE  CYCLE   LENGTH  WITHIN  THE   SOUNDS  OF      50     TO     7  5   SECONDS  | 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      50.0  SECONDS 

FOR  A  V/C   .RATIO  OF    .95   THE  CYCLE   SHOULD   3S      76.3    SECONDS  IvOi 

for  chosen  cycle  length  50.0  1^^' 
suggested  ti.Ting  phase  1  is  10.2  sees  green,  30.0  sees  yellow  -r  red  clearT-'-- 
suggested  timing  pnase  2  is       0.0  sees  green,      30,0  sees  yellow  -  red  clear  I 

'«': 
N3 


.\3 

5: 

\- 


1985  HCM  -  CHAPTER  9:   SIGNALIZED  -  OPERATIONAL  ANALYSIS 
MERRIMACK/ DUTTON/ARCAND 
1992  BUILD  CONDITIONS 

date: 10-28-1992  time : 12 : 51 : 22 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=DUTTONV         GEOMETRICS=DUTBGEO  SIGNAL=DUTBSIG 
LOCATED  IN  CBD:Y 
VOLUME  &  GEOMETRICS 
VOLUMES 


#  OF  LANES 
LT  TH  RT 
0  2  0 
0  2  0 
110 
0     0  2 


TRAFFIC  &  ROADWAY  CONDITIONS 

ADJ  PARK 
Y/N  MOVES  BUSES 


DIR 

LT 

TH 

RT 

ZB 

39 

426 

0 

WB 

0 

319 

0 

N3 

443 

312 

130 

S3 

0 

0 

185 

LANE  WIDTH 
LT       TH  RT 
0.0  12.0  0.0 
0.0  12.0  0.0 
.2.0  12.0  0.0 
0.0     0.0  12.0 


PEDESTRIANS 


CROSS 
WALK 
60 
50 
40 
40 


DIR  GRADE  %HV 
EB  0.0%  4.0% 
W3  0.0%  4.0% 
N3  0.0%  4.0% 
SB     0.0%  4.0% 

PHASINGS 

EAST30UND 
1     t     r  p 


ARR 

PHF  CROSS   BUT  MIN  TIME  TYPE 


N 
N 
N 
N 


900 
900 
900 
900 


Y 
Y 
Y 
Y 


22.0 
22.0 
14.0 
14.0 


WESTBOUND 
1     t     r  p 


NORTHBOUND 
1     t     r  p 


SOUTHBOUND  GRiEN 
1     t     r  p 


Y-R   PRE/ ACT 


*  * 

* 

* 

35.  5 

3 

A 

2     *  * 

*      *  14-6 

3 

A 

3     *  * 

* 

* 

*  14.9 

3 

A 

4 

* 

* 

* 

*  0.0 

6 

A 

CYCLE=  80.0 


VOLUME  ADJUSTMENT  WORKSHEE' 


PART 

1    (MOVEMENT  ADJUSTMENT 

S) 

DIR 

LTV 

THV 

RTV 

PHF  L 

TFR 

THFR 

RTFR 

E3 

39 

426 

0 

.900 

43 

473 

0 

W3 

0 

319 

0 

.900 

0 

354 

0 

NB 

443 

312 

130 

.900 

492 

347 

144 

S3 

0 

0 

185 

.900 

0 

0 

206 

PAR 

T  2 

( LANE 

GROUP 

ADJUSTME 

NTS) 

DIR 

LN 

GROUP 

FLOW 

N  LU 

V 

Pit 

Prt 

S3 

LT- 

TH 

517 

2  1.05 

543 

0 

.  08 

0 

.00 

WB 

TH 

354 

2  1.05 

372 

0 

.  00 

0 

.00 

NB 

LT 

492 

1  1.00 

492 

1 

.  00 

0 

.00 

NB 

TH- 

RT 

491 

1  1.00 

491 

0 

.00 

0 

.  29 

S3 

RT 

206 

2  1.05 

216 

0 

.00 

1 

.  00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPOS 

ING  APPROACH 

BEING  OPPOSED 

VOLUMES 

%  OPPOSING  LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH  RT 

LT       TH  RT 

T  rn 
U  X 

TH  RT 

VOLUME 

EAST30UND 

0 

354  0 

100     100  0 

0 

2  0 

354 

NORTHBOUND 

0 

0  206 

0         0  0 

0 

0  2 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Farea 

Frt 

Fit 

s 

EB 

LT 

-TH 

1800 

2 

1 

.  000 

0 

.980 

1 

.000 

1.000 

1 

.000 

0.900 

1 

.  000 

0 

.  970 

3080 

WB 

TH 

1800 

2 

1 

.  000 

0 

.  980 

1 

.000 

1 .000 

i. 

.000 

0.900 

1 

.  000 

1 

.  000 

3176 

NB 

LT 

1800 

-I 

1 

.000 

0 

.  980 

1 

.000 

1 .000 

1 

.000 

0.900 

i. 

.  000 

0 

.  950 

1509 

NB 

TH 

-RT 

1800 

1 

1 

.000 

0 

.980 

1 

.000 

1 .000 

1 

.000 

0  .  900 

0 

.  860 

1 

.  000 

1365 

S3 

RT 

18  00 

2 

1 

.  000 

0 

.980 

1 

.  000 

1  .  000 

1 

.  000 

0  .  900 

0 

.750 

.  000 

2382 

I 


CAPACITY  ANALYSIS  WORKSHEET 


DIR 

LN 

GROUP 

V 

s 

v/s 

g/C 

c 

v/c 

CRITICAL 

SB 

LT- 

TH 

543 

3080 

0.18 

0.41 

1251 

0  .  43 

W3 

TH 

372 

3176 

0.12 

0  . 19 

592 

0  .63 

* 

N3 

LT 

492 

1509 

0.33 

0.  44 

670 

0.74 

N3 

TH- 

RT 

491 

1365 

0.  36 

0  .  44 

606 

0  .  81 

* 

S3 

RT 

216 

2382 

0.09 

0.18 

435 

0.  50 

* 

CYCL2=  80.0     LOST=15.0     SUM  V/S  CRIT=  0.57  TOTAL  V/C=  0.70 


LEVEL  OF  SERVICE  WORKSHEET 
DIR  LN  GROUP  v/c  g/C  C 
E3  LT-TH  0.43  0.41  80 
W3     TH  0.63  0.19  80 

N3     LT  0.74  0.44  80 


N'3  TH-RT 
S3  RT 


0.81  0. 44 


0 
0 
0 

80  .  0 


dl  c 
13.01  1251 
22.80  592 


13  .  96 
14.  69 


670 
606 


0.50  0.18     80.0     22.34  435 


d2 

0  .  16 
1 .  52 
2.93 
5.68  0.85 
0.76  0.35 


?F 

0  .  35 
0  .85 
1.00 


Delay  LOS  Avg  Q     95%  Q 


19 

3 

6 

.  8 

20. 

68 

C 

6 

.  4 

16. 

89 

C 

6 

.  1 

17  . 

31 

C 

6 

.  1 

19  . 

64 

C 

3 

.7 

DIR 

Delay 

LOS 

E3 

11 . 19 

3 

W3 

20.  68 

C 

N"3 

17  . 10 

C 

S3 

19  .  64 

C 

INT 

2RSSCT 

ION 

.6.47    INTERSECTION  LOS=C 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  30  TO  120  SECONDS 
WHICH  MINIMIZES  CRITICAL  MOVEMENT  DELAY   IS     30.0  SECONDS 


FOR  A  V/C   RATIO  OF    .95  THE  CYCLE  SHOULD  3E     37.3  SECONDS 


80  .  0 


for  chosen  cycle  length 

suggested  timing  phase  1  is 

suggested  timing  phase  2  is 

suggested  timing  phase  3  is 

suggested  timing  phase  4  is 


28.8  sees  green, 

7 . 2  sees  green , 

9 . 4  sees  green , 

0.0  sees  green, 


3.0  sees  yellow 

3.0  sees  yellow 

3.0  sees  yellow 

6.0  sees  yellow 


rea  c^ea: 
red  cleaj 
red  elea: 
red  elea: 


.98  5  HCM  -  CHAPTER  9:    SIGNALIZED   -   OPERATIONAL  ANALYSIS 
.1ERRIMACK/DUTT0N/ARCAND 
■L995  BUILD  CONDITIONS 

Tiate: 10-28-1992  time : 12 : 57 : 24 

Last  data  set  names  loaded  or  saved 

I/OLUME=DUTTONV  GEOMETRICS=DUTBGEO  SIGNAL=DUTBSIG 

L,0CATED  in  C3D:Y 
iVOLUME  &  GEOMETRIC S 
VOLUMES 


DIR 

LT 

TK 

RT 

23 

42 

459 

0 

W3 

0 

343 

0 

^3 

477 

336 

140 

33 

0 

0 

199 

#  OF  LANES 
LT  TH  RT 
0  2  0 
0  2  0 
110 
0     0  2 


LANE  WIDTH  CROSS 

LT       TH       RT  WALK 

0.0  12.0     0.0  60 

0.0   12.0     0.0  50 

12.0  12.0     0.0  40 

0.0     0.0  12.0  40 


iTRAFFIC  &  ROADWAY  CONDITIONS 

ADJ  PARK 


PEDESTRIANS 


ARR 


'dIR  GRADE 

%KV 

Y/N 

MOVES 

BUSES     ?HF  CROSS   BUT  MIN 

TIME 

TYPE 

E3     0 . 0% 

4  .  0% 

N 

0 

0        . 900 

5       Y  22 

.0 

3 

W3  0.0% 

4  .  0% 

N 

0 

0        . 900 

5       Y  22 

.  0 

3 

N3     0  .  0% 

4  .  0% 

N 

0 

0        . 900 

5       Y  14 

.  0 

3 

S3  0.0% 

4  .  0% 

N 

0 

0        .  900 

5       Y  14 

.  0 

3 

PHASINGS 

J  EAST30UND 

WES 

T3C'JND 

NORTHBOUND 

SOUTHBOUND 

GREEN 

Y-R 

PRE/ACT 

1  t 

r  p 

1 

t     r  p 

1     t     r  p 

1     t     r  p 

1 

* 

X           X  * 

3  5.5 

3 

A 

2     *  » 

14.6 

3 

A 

3     *  * 

* 

* 

14  .  9 

3 

A 

4 

* 

* 

* 

* 

0.0 

6 

A 

CYCLE=  80.0 


'VOLUME  ADJUSTMENT  WORKSHEET 


PART 

1    (MOVEMENT  ADJUSTME 

NTS) 

DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

E3 

42 

459 

0 

.  900 

47 

510 

0 

W3 

0 

343 

0 

.  900 

0 

381 

0 

N'3 

477 

336 

140 

.  900 

530 

373 

156 

S3 

0 

0 

199 

.  900 

0 

0 

221 

GROUP 

ADJUSTMENTS) 

FLOW 

N  LU 

V 

Pit 

Prt 

557 

2  1.05 

585 

0 

.  08 

0 

.  00 

381 

2  1.05 

400 

0 

.  00 

0 

.  00 

530 

1  1.00 

530 

i. 

.  00 

0 

.  00 

529 

1  1.00 

529 

0 

.  00 

0 

.29 

221 

2  1.05 

232 

0 

.  00 

1 

.00 

EB  LT-TH 
WB  TH 
N3  LT 
Inb  TH-RT 
SB  RT 

PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 


OPPOSING  APPROACH 


3EING  OPPOSED 

VOLUMES 

%  OPPOSING  LEFT  TURN 

# 

ij  ANi  S 

OPPOSING 

LT 

TH  RT 

LT       TH  RT 

LT 

TH  RT 

VOLU"ME 

EAST30UND 

0 

381  0 

100     100  0 

0 

2  0 

381 

northbound 

0 

0  221 

0         0  0 

0 

0  2 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

wid 

Fhv 

Fgr 

Fpark 

Fbus 

Farea 

Frt 

Fit 

s 

SB 

LT- 

TH 

1800 

2 

1. 

000 

0 

.980 

1 

.  000 

1.000 

1 

.  000 

0.900 

1 

.  000 

0 

.  968 

3075 

WB 

TK 

1800 

2 

X  . 

000 

0 

.980 

1 

.  000 

1.000 

1 

.  000 

0.900 

1 

.  000 

1 

.  000 

3176 

NB 

LT 

1800 

j. 

X  . 

000 

0 

.  980 

1 

.000 

1.000 

.000 

0  .  900 

1 

.  000 

0 

.  950 

1509 

NB 

TH- 

■RT 

1800 

1 

000 

0 

.980 

.  000 

1.000 

X 

.  000 

0.  900 

0 

.860 

.000 

1365 

SB 

RT 

1800 

2 

1 . 

000 

0 

.  980 

1 

.000 

1 .000 

1 

.000 

0.  900 

0 

.750 

X 

.  000 

2382 

CAPACITY   ANALYSIS  WORKSHEET 


DaR  ln  group 

V 

s 

v/s  g/C 

c  v/c 

CRITICAL 

EB  LT-TH 

c  o  c 

58  5 

307  5 

0.19  0.41 

1249  0.47 

WB  Tn 

400 

3x7  6 

0.13    0  .  X  9 

* 

NB  LT 

530 

1509 

0.35  0.44 

670  0.79 

NB  TH-RT 

529 

1365 

0.39  0.44 

606  0.87 

* 

S3  RT 

232 

2382 

0.10  0.18 

435  0.53 

* 

CYCL£=  80.0 

LOST 

=  15.0 

SUM  V/S  CRIT=  0.61 

^     A  Aij 

V  /  u  — 

0.73 

LEVEL  OF  SERVICE 

WORKSHEET 

DIR   LN  GROUP 

v/c 

g/c 

C  dl 

c 

UZ 

Delay 

Lv^ 

S  Avg 

Q 

EB  LT-TH 

0  .  47 

0  .  41 

80.0  13. 

23  1249 

U  .  ^  a. 

X  ^  . 

4  J 

3 

-7 

J 

WB  TH 

0.68 

0.19 

80.0  23. 

03  592 

T  t; 
<i  .  X  3 

U  .  0  5 

2x  . 

40 

C 

6  . 

9 

N3  LT 

0  .  79 

0.44 

80.0  14. 

50  670 

4.48 

1  .  00 

1 8  . 

98 

C 

6  . 

6 

N3  TH-RT 

0  .  37 

0.44 

80.0  15. 

35  606 

9.  36 

0  .35 

21 . 

00 

c 

6  . 

5 

S3  RT 

0  .  53 

0  .18 

80.0  22. 

51  435 

1 .  02 

0  .85 

20  . 

00 

c 

4  . 

0 

95%  Q 


DIR  Delay  LOS 

S3     11.43  3 

W3     21.40  C 

N3     19.99  C 

S3     20.00  C 

INTERSECTION  DELAY  = 


18.04   INTERSECTION  LCS=C 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  70  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS     70.0  SECONDS 


FOR  A  V/C  RATIO  OF    .95  THE  CYCLE   SHOULD  BE     42.0  SECONDS 
for  chosen  cycle  length  80.0 
suggested  timing  phase  1  is  31 
suggested  timing  phase  2  is  7 
suggested  timing  pnase  3  is  10 
suggested  timing  pnase  4  is  0 


0  sees  green, 
8  sees  green, 

1  sees  green, 
0  sees  green, 


3  .  0  sees  yellow 

3 . 0  sees  yellow 

3 . 0  sees  yellow 

5.0  sees  yellow 


rea  c.ear 
red  clear 
red  clear 
red  clear 
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1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

MERRIMACK/DUTTON/ARCAND 

1996  BUILD  CONDITIONS 

date: 10-28-1992  time : 1 3 : 02 : 47 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLirME=DUTTONV         GEOMETRICS=DUTBGEO  SIGNAL=DUTBSIG 
LOCATED  IN  CBD:Y 
VOLUME  &  GEOMETRICS 
VOLUMES 


IDIR 

LT 

TH 

RT 

EB 

43 

471 

0 

IW3 

0 

352 

0 

INB 

439 

344 

144 

ISB 

0 

0 

204 

#  OF  LANES 
LT  TH  RT 
0  2  0 
0  2  0 
110 
0     0  2 


LANE  WIDTH  CROSS 

LT       TH       RT  WALK 

0.0   12.0     0.0  60 

0.0   12.0     0.0  50 

12.0  12.0     0.0  40 

0.0     0.0  12.0  40 


TRAFFIC  &  ROADWAY  CONDITIONS 

ADJ  PARK 


PEDESTRIANS 


ARR 


DIR 

GRADE 

%HV 

Y/N 

MOVES 

3USES     PHF  CROSS 

BUT  M 

IN  TIMS 

TYPE 

!SB 

0.0% 

4  .  0% 

N 

0 

0        . 900 

5 

Y 

22.0 

3 

IWB 

0  .  0% 

4.0% 

N 

0 

0        . 900 

5 

Y 

22  -  0 

3 

N3 

0,0% 

4  .  0% 

N 

0 

0        . 900 

5 

Y 

14  .  0 

3 

S3 

0  .  0% 

4  .  0% 

N 

0 

0        . 900 

5 

Y 

14.0 

3 

PHAS 

INGS 

SAST30UND 

WES 

T BOUND 

NCRTH30U-ND 

SOU 

TH30UND  GREEN 

Y^R 

PRE/ACT 

1  t 

r  p 

X 

-     r  p 

1     c     r  p 

'  r 

P 

* 

*     *  * 

35.5 

3 

A 

2 

*  * 

* 

*  14.6 

3 

A 

3 

*  * 

* 

* 

*  14.9 

3 

A 

4 

* 

* 

* 

*  0.0 

6 

A 

CYCLE=  80.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART  1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

S3 

43 

471 

0 

.900 

48 

523 

0 

W3 

0 

352 

0 

.900 

0 

391 

0 

NB 

489 

344 

144 

.  900 

543 

382 

160 

33 

0 

0 

204 

.  900 

0 

0 

227 

PART  2 

(LANE 

GROUP 

ADJUSTMENTS) 

DIR  LN 

GROUP 

FLOW 

N  LU 

V 

Pit 

Prt 

SB  LT- 

TH 

571 

2  1.05 

600 

0 

.08 

0 

.00 

WB  TH 

391 

2  1.05 

411 

0 

.  00 

0 

.  00 

NB  LT 

543 

1  1.00 

543 

X 

.00 

0 

.00 

NB  TH- 

RT 

542 

1  1.00 

542 

0 

.00 

0 

.  30 

SB  RT 

227 

2  1.05 

238 

0 

.00 

1 

.  00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOSING  LEFT  TU 

RN 

# 

LANES 

OPPOSING 

LT 

TH  RT 

LT 

TH 

RT 

LT 

TH 

R 

m 
X 

VOLUME 

EASTBOUND 

0 

391  0 

100 

100 

0 

0 

2 

0 

391 

NORTHBOUND 

0 

0  227 

0 

0 

0 

0 

0 

2 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP 

IDEAL 

N  Fwid 

Fhv  Fgr 

Fpark 

Fbus 

Far  ea 

Frt 

Fit 

s 

EB  LT-TH 

1800 

2  1.000  0. 

980  1.000 

1 .000 

1.000 

0. 

900 

.  000 

0 

.  967 

3073 

WB  TH 

1800 

2  1.000  0. 

980  1.000 

1.000 

1.000 

0. 

900 

1 

.  000 

X 

.000 

3176 

NB  LT 

1800 

1  1.000  0. 

980  1.000 

1.000 

1 .  000 

0  . 

900 

1 

.  000 

0 

.950 

1509 

NB  TH-RT 

1800 

1  1.000  0. 

980  1.000 

1  .000 

1.000 

0  . 

900 

0 

.  859 

1 

.  000 

1365 

SB  RT 

1800 

2  1.000  0. 

980  1.000 

1 .000 

1 .  000 

0  . 

900 

0 

.750 

1 

.  000 

2382 

DIR  LN  GROUP 
EB  LT-TH 
WB  TH 
NB  LT 
NB  TH-RT 
SB  RT 


v/s  g/C 


c     v/c  CRITICAL 


600  3073  0.20  0.41  1248  0.48 

411  3176  0.13  0.19  592  0.69 

543  1509  0.36  0.44  670  0.81 

542  1365  0.40  0.44  606  0.90 

238  2382  0.10  0.18  435  0.55 


CYCLE=   80.0     LOST=15.0     SUM  V/S  CRIT=   0.63  TOTAL  V/C=  0.77 


LEVEL  OF   SERVICE  WORKSHEET 
DIR  LN  GROUP     v/c  g/C 
EB  LT-TH 


W3  TH 

NB  LT 

N'B  TH-RT 

SB  JIT 


0.48  0.41 
0.69  0.19 
0.81  0.44 


c 

dl 

c 

d2 

PF 

Delay  LOS 

Avg  Q 

80 

.  0 

13. 

32 

1248 

0.24 

0.85 

11 .  52 

3  7.5 

80 

.  0 

23. 

12 

592 

2.  44 

0.85 

21 .73 

C  7.1 

80 

.0 

14. 

70 

670 

5.22 

1.00 

19.92 

C  6.7 

80 

.0 

15- 

60 

606 

11 .  27 

0.85 

22  .  84 

C  6.8 

80 

.  0 

22  . 

57 

435 

1 . 13 

0.85 

20.14 

C  4.1 

95%  Q 


DIR 

Delay 

LOS 

EB 

11 .  52 

3 

WB 

21 .73 

C 

X3 

21 .  38 

C 

33 

20  .14 

C 

INT 

SRSECTI 

ON 

.8.78   INTERSECTION  LOS=C 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  O?  60  TO  100  SECONDS 
WHICH  MINIMIZES  CRITICAL  MOVEMENT  DELAY  IS     60.0  SECONDS 


FOR  A  V/C  RATIO  Of  .95  THE  CYCLE  SHOULD  3S  44.0  SECONDS 
for  chosen  cycle  length  80.0 

suggested  timing  phase  1  is     31.8  sees  green, 
suggested  timing  phase  2  is 
suggested  timing  phase  3  is 
suggested  timing  phase  4  is 


8.0  sees  green, 
10.3  sees  green, 
sees  green, 


0  .  0 


3.0  sees  yellow 

3.0  sees  yellow 

3.0  sees  yellow 

6.0  sees  yellow 


rea  Cxear 
red  clear 
red  clear 
rea  clear 


J  1985  HCM  -  CHAPTER  9:   SIGNALIZED  -  OPERATIONAL  ANALYSIS 
MERRIMACK/ DUTTON/ARCAND 
1999  3UILD  CONDITIONS 

date:10-28-1992  time : 13 : 10 ; 04 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=DUTTONV         GEOMETRICS=DUTBGEO  SIGNAL=DUTBSIG 
LOCATED  IN  C3D:Y 
VOLUME  &  GEOMETRIC S 

VOLUMES  #  OF  LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

EB 

46 

507 

0 

0 

2 

0 

0.0 

12.0 

0.0 

60 

WB 

0 

379 

0 

0 

2 

0 

0  .  0 

12.0 

0.0 

50 

NB 

526 

370 

155 

1 

1 

0 

12.0 

12.0 

0.0 

40 

SB 

0 

0 

219 

0 

0 

2 

0.0 

0.0 

12.0 

40 

TRAFFIC  &  ROADWAY  CONDITIONS 


ADJ 

PARK 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUS 

SB 

0.0% 

4.0% 

N 

0 

0 

WB 

0  .  0% 

4  .  0% 

N 

0 

0 

NB 

0  .  0% 

4  .  0% 

N 

0 

0 

SB 

0  .  0% 

4  .  0% 

0 

0 

PEDESTRIANS  ARR 
PHF  CROSS  BUT  MIN  TIME  TYPE 


.  900 

5 

Y 

22  .  0 

3 

.900 

5 

Y 

22  .  0 

3 

.900 

5 

Y 

14  .  0 

3 

.  900 

5 

Y 

14  .  0 

3 

PHASINGS 


AST30UND  WESTBOUND 

NORTHBOUND 

SOUTHBOUND 

GREEN 

Y^R 

PRE 

t.     r     p     1     -     r  p 

1      -     r  p 

1     t     r  p 

1 

1c         X  * 

35.  5 

3 

A 

2 

* 

* 

14.6 

3 

A 

3 

* 

*  * 

* 

* 

14  .  9 

3 

A 

4 

*  * 

* 

* 

0.0 

6 

A 

/ACT 


CYCLE=  80.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

EB 

46 

507 

0 

.  900 

51 

563 

0 

W3 

0 

379 

0 

.  900 

0 

421 

0 

NB 

526 

370 

155 

.  900 

584 

411 

172 

SB 

0 

0 

219 

.900 

0 

0 

243 

PART  2 

( LANE 

GROUP 

ADJUSTMENTS) 

DIR  LN 

GROUP 

FLOW 

N  LU 

V 

Pit 

Prt 

EB  LT- 

TH 

614 

2  1.05 

645 

0.08 

0 

.  00 

WB  TH 

421 

2  1.05 

442 

0.00 

0 

.00 

N3  LT 

584 

1  1.00 

584 

1.00 

0 

.00 

NB  TH- 

RT 

583 

1  1.00 

583 

0.00 

0 

.30 

SB  RT 

243 

2  1.05 

256 

0.00 

1 

.00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPOSING 

APPROACH 

BEING  OPPOSED 

VOLUMES 

%  OPPOSING  LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH  RT 

LT       TH  RT 

i-l  X 

TH  RT 

VOLL"ME 

EASTBOUND 

0 

421  0 

100     100  0 

0 

2  0 

421 

NORTHBOUND 

0 

0  243 

0         0  0 

0 

0  2 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

park 

Fbus 

Farea 

Frt 

Fit 

s 

EB 

LT- 

TH 

1800 

2 

1 

.000 

0 

.  980 

1 

.000 

1 

.000 

1 

.  000 

0.900 

.000 

0 

.  966 

3067 

WB 

TH 

1800 

2 

1 

.000 

0 

.  980 

1 

.  000 

1 

.  000 

1 

.000 

0  .  900 

J. 

.000 

X 

.  000 

317  6 

NB 

LT 

1800 

1 

1 

.  000 

0 

.  980 

1 

.  000 

■\ 
J. 

.  000 

1 

.000 

0  .  900 

■5 
X 

.000 

0 

.  950 

1509 

NB 

TH- 

RT 

1800 

1 

1 

.000 

0 

.980 

1 

.000 

1 

.000 

1 

.  000 

0.  900 

0 

.859 

X 

.000 

1365 

SB 

RT 

1800 

2 

-1 

X 

.000 

0 

.  980 

1 

.  000 

1 

.000 

1 

.000 

0  .  900 

0 

.750 

1 
X 

.  000 

2382 

II 


CAPACITY  ANALYSIS  WORKSHEET 


DIR 

LN  GROUP 

V 

s 

v/s 

g/C 

c  v/c 

CRITICAL 

SB 

LT-TH 

645 

3067 

0.  21 

0.  41 

1246  0.52 

W3 

TH 

442 

3176 

0  .14 

0.19 

592  0.75 

N3 

LT 

584 

1509 

0  .  39 

0.  44 

670  0.87 

N3 

TH-RT 

583 

1365 

0.43 

0.44 

606  0 . 96 

* 

S3 

RT 

256 

2382 

0  .11 

0.18 

435  0.59 

CYCLS=  80.0 

LOST 

=  15.0 

sun 

V/S  CRIT=  0.67 

TOTAL 

V/C  = 

LEVEL  OF   SERVICE  ' 

WORKSHEET 

DIR 

LN  GROUP 

v/c 

g/c 

C 

dl 

c 

d2 

?F 

S3 

LT-TH 

0  .  52 

0  .  41 

80  . 

0  13. 

57  1246 

0  .  32 

0  .  85 

W3 

TH 

0.75 

0  . 19 

80  . 

0  23. 

39  592 

3.60 

0.35 

N3 

LT 

0  .  87 

0  .  44 

80  . 

0  15. 

35  670 

8  .61 

1 .  00 

N3 

TH-RT 

0  .  96 

0  .  44 

80  . 

0  16. 

43  606 

20.34 

0.85 

S3 

RT 

0  .  59 

0  . 18 

80  . 

0     22 . 

76  435 

1 .  52 

0  .85 

0.  83 


Delay  LOS 
11.81  3 
22.94  C 
23.96  C 
31.25  D 
20.64  C 


DIR 

Delay 

LOS 

23 

11 .  81 

3 

W3 

22  .  94 

C 

N"3 

27  .60 

D 

S3 

20  .  64 

C 

INTERSECTION  DELAY  =   22.01   INTERSECTION  LOS=C 

THE  CYCLE  LENGTH  WITHIN  THE  SOUNDS  OF  60  TO  80  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS     60.0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  3E  51.6  SECONDS 
for  chosen  cycle  length  80.0 

suggested  timing  phase  1  is  34.2  sees  green, 
suggested  timing  phase  2  is  8.6  sees  green, 
suggested  timing  phase  3  is  11.1  sees  green, 
suggested  timing  phase  4  is       0.0  sees  green. 


3.0  sees  yellow 

3.0  sees  yellow 

3.0  sees  yellow 

5 . 0  sees  yellow 


MERIMACK/WORTHEN/ARCAND 
1992  NO-BUILD  CONDITION 

date: 10-28-1992  time : 13 : 35 : 19 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME =DUTTONV         GEOMETRICS=DUTBGEO  SIGNAL=DUTBSIG 
LOCATED  IN  CBDrY 
VOLUME  &  GEOMETRICS 


VOLUMES 

#  OF 

LAJiES 

LANE  WI 

J 1  :i 

^  0     0  C 

^  T  0  T 

TH 

RT 

LT  TH 

RT 

LT 

TH 

RT 

WALK 

do  U 

0 

0 

0  0 

0 

0.0 

0.0 

A  A 

U 

Wo         J  X  ^ 

55 

67 

1  1 

0 

12.0 

12.0 

A  A 

A 
U 

N"3  19 

323 

0 

0  1 

0 

0.0 

12.0 

A  A 

A 

S3  0 

215 

23 

0  1 

0 

0  .  0 

12.0 

0.0 

0 

TRAFFIC  & 

ROADWAY  CONDITIONS 

ADJ 

PARK 

PEDES 

/\  f\  i\ 

DIR  GRADE 

%HV 

Y/N 

MOVES 

3uSSS 

PHF  CROSS 

1  X  rlCi 

TVP  ? 

EB  0.0% 

4.0% 

N 

0 

0 

900 

5 

V  7 

A 

■3 
J 

W3  0.0% 

4  .  0% 

N 

0 

0 

900 

5 

.  U 

■5 
J 

N3  0.0% 

4  .  0% 

N 

0 

0 

900 

5 

Y  7 

.  0 

3 

S3  0.0% 

4  .  0% 

N 

0 

0 

900 

5 

Y  7 

.  0 

3 

PHASINGS 

SAST30UND 

WESTBOUND 

NORTH 

BCLTiD 

SOU 

TH30UND 

GR2SN 

Y^ 

r  p 

r  ? 

1  t 

r  P 

r     r  p 

* 

* 

24  .  0 

29 

2 

*  * 

36  .  0 

29 

PRE/ACT 


CYCLE=  118.0 


VOLUME  ADJUSTMENT  WORKSHEET 


PART  1    (MOVEMENT  ADJUSTMENTS) 

DIR     LTV  THV 

RTV 

PHF     LTFR  THFR 

RTFR 

EB            0  0 

0 

.900         51  563 

0 

WB       319       5  5 

67 

.900       354  61 

74 

NB         19  323 

0 

.900         21  359 

0 

S3            0  215 

23 

.900           0  239 

26 

PART   2  (LANS 

GROUP 

ADJUSTMENTS) 

DIR  LN  GROUP 

FLOW 

N       LU         V  Pit 

Prt 

WB  LT 

354 

1  1.00     354  1.00 

0.00 

WB  TH-RT 

136 

1  1.00     136  0.00 

0  .  55 

N3  LT-TH 

380 

1  1.00     380  0.06 

0  .  00 

SB  TH-RT 

264 

1  i.OO     264  0.00 

0  .10 

PART   3  (OPPOS 

ING  VOLUME  ADJUSTMENTS) 

LEFT  TURN 

OPPOSING  APPROACH 

BEING  OPPOSED 

VOLU-MES              %  OPPOSING  LEF 

T  TURN 

# 

LANS 

S 

OPPOSING 

LT 

TH  RT 

LT  TH 

RT 

LT 

TH 

RT 

VOLUME 

WESTBOU'ND 

51 

563  0 

0  0 

0 

0 

0 

0 

0 

NORTHBOUND 

0 

239  26 

100  100 

00 

0 

0 

264 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP 

IDEAL 

N     Fwid  Fhv 

Fgr  Fpark 

Fbus 

Far  ea 

Frt 

Fit: 

s 

WB  LT 

1800 

1  1.000  0.980  1. 

000  1.000 

1 

.000 

0  . 

900  1 

.  000 

0  .950 

1509 

WB  TH-RT 

1800 

1  1.000   0.980  1. 

000  1.000 

X 

.000 

0  . 

900  0 

.  825 

1 .  000 

1310 

NB  LT-TH 

1800 

1  1.000   0.980  1. 

000  1.000 

1 

.  000 

0. 

900  1 

.  000 

0.  961 

1526 

SB  TH-RT 

1800 

1  1.000   0.980  1. 

000  1.000 

X 

.000 

0. 

900  0 

.  887 

1  .000 

1408 

DIR  C  G  N  Va  Vm 
NB  118  36  1  380  359 
CALCULATIONS 

DIR  Sop         Yo  Gu  Fs 


Vlt     Pit  No 
21   0.06  1 


?1 


Vo  Plto 
364  0.00 


NB  1800  0.147   21.878  0.710  0.056   14.122  0 


Ft 
944 


Gf 
291 


585 


?n»  Fit 
961  0.961 


CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 
WB  LT 
WB  TH-RT 
N3  LT-TH 
S3  TH-RT 


V         s  v/s  g/C  c  v/c 

354  1509  0.23  0.20  307  1.15 

136  1310  0.10  0.00  0  0.00 

380  1526  0.25  0.31  466  0,82 

264  1408  0.19  0.31  430  0.62 


CRITICAL 
* 


CYCLE=118.0     LOST=58.0     SUM  V/S  CRIT=  0.48   TOTAL  V/C=  0.95 


LEVEL  OF   SERVICE  WORKSHEET 

DIR  LN  GROUP     v/c     g/C       C  dl  c  6.2 

WB     LT  1.15  0.20  118.0  37.19  307  102.76 

WB     TH-RT         0.00  0.00  118.0       0.00         0  0.00 

NB     LT-TH         0.82  0.31  118.0  28.83  466  7.47 

S3     TH-RT         0.62  0.31  118.0  26.66  430         1.88  1.00 


?F 

1 .  00 
1 .  00 
1 .00 


Delay  LOS  Avg  Q  95S 


139 .95 
0.  00 
36  .  31 
28  .  54 


A 

D 
D 


18  .  4 
4  .  4 
8.7 
6.0 


DIR  Delay  LOS 
WB  101.23  ? 
N3     36.31  J 
S3     28.54  D 
INTERSECTION  DELAY 


=  62.54   INTERSECTION  LOS=F 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  50  TO  100  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS      50.0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  BE  118.2  SECONDS 
for  chosen  cycle  length  55.0 

suggested  timing  phase  1  is  15.3  sees  green,  29.0 
suggested  timing  phase  2  is     15.2  sees  green,  29.0 


sees  ye^-ow  -  rea 
sees  yellow  -  red 


vol; 


"1  -♦■^a 


54 


.985  HCM  -  CHAPTER  9:   SIGNALIZED  -  OPERATIONAL  ANALYSIS 
MERIMACK/WORTHSN/ARCAND 
L995  NO-BUILD  CONDITION 
iate:10-28-1992  tiine:13:46 
jAST  DATA   SET  NAMES   LOADED  OR  SAVED 
/OLUME=WORVOL  GEOMETRICS=WORGEO 
jOCATED   in  C3D:Y 
/OLUME  &  GEOMSTRICS 
VOLUMES 


SIGNAL=WORSIG 


:)iR 

LT 

TH 

RT 

SB 

0 

0 

0 

«B 

343 

60 

72 

^(B 

21 

348 

0 

SB 

0 

232 

24 

#  OF  LANES  LAN'S  WIDTH 

LT  TH  RT  LT       TH  RT 

0     0     0  0.0     0.0  0.0 

110  12.0  12.0  0.0 

0     1     0  0.0  12.0  0.0 

0     10  0.0   12.0  0.0 


CROSS 
WALK 
0 
0 
0 
0 


TRAFFIC  &  ROADWAY  CONDITIONS 


ADJ  PARK 

p 

SDESTRIANS 

ARR 

DIR 

GRADE 

%HV 

Y/N  MOVES 

BUSES 

PHF  CROSS  BUT  MIN 

TIMS 

TYPE 

SB 

0.0% 

4.0% 

N  0 

0 

.  900 

5       Y  7 

.  0 

3 

WB 

0.0% 

4  .  0% 

N  0 

0 

.  900 

5       Y  7 

.  0 

3 

NB 

0.0% 

4  .  0% 

N  0 

0 

.  900 

5       Y  7 

.0 

3 

SB 

0  .  0% 

4.0% 

N  0 

0 

.  900 

5       Y  7 

.0 

3 

PHAS 

INGS 

SASTBOL'ND 

WESTBOUND 

NORT 

H30U*ND 

SOUTHBOUND 

GREEN 

Y-rR 

PRE/ACT 

1  t 

r  ? 

1     t     r  p 

r  p 

1     t     r  p 

1 

*  * 

24  .  0 

29 

p 

2 

*  * 

*  * 

36.  0 

29 

p 

CYCLE=  118.0 


VOLUME  ADJUSTMENT  WORKSHEET 


PART 

1  (MOVSM 

SNT  ADJUSTMENTS) 

DIR 

LTV  THV 

RTV 

PHF 

LTFR  THFR 

RT 

FR 

SB 

0  0 

0 

.  900 

51 

563 

0 

WB 

343  60 

72 

.  900 

331 

67 

30 

NB 

21  343 

0 

.  300 

23 

387 

0 

SB 

0  232 

24 

.900 

0 

253 

27 

I  PART 

2    ( LANE 

GROUP 

ADJUSTMENTS) 

Idir 

LN  GROUP 

FLOW 

N  LU 

V 

Pit 

P 

rt 

IWB 

LT 

381 

1  1.00 

381  1 

.  .00 

0  . 

00 

IWB 

TH-RT 

147 

1  1.00 

147  0.00 

0  . 

55 

NB 

LT-TH 

410 

1  1.00 

410  0.06 

0. 

00 

SB 

TH-RT 

284 

1  1.00 

284  0.00 

0. 

09 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 


OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOS 

ING  LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH  RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

WESTBOUND 

51 

563  0 

0 

0 

0 

0 

0 

0 

0 

NORTHBOUND 

0 

258  27 

100 

100 

100 

0 

0 

234 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP 

IDEAL 

N  Fwid 

Fhv  Fgr 

Fpark 

Fbus 

Farea 

Fr  t 

Fit 

s 

WB  LT 

1800 

1  1.000  0. 

980  1.000 

1.000 

1 .  000 

0  . 

900 

.  000 

0  .  950 

1509 

WB  TH-RT 

1800 

1  1.000  0. 

980  1.000 

1.000 

1.000 

0. 

900 

0 

.825 

1.000 

1310 

NB  LT-TH 

1800 

1  1 . 000  0 . 

980  1.000 

1.000 

1 .000 

0  . 

900 

1 

.  000 

0.946 

1503 

SB  TH-RT 

1800 

1  1.000  0. 

980  1.000 

1.000 

1.000 

0. 

900 

0 

.887 

1.000 

1409 

SUPPLEMENTAL  WOKK.i>ricc T  rUK 
INPUT  VARIABLES 
DIR     C       G     N       Va  Vm 
NB  118     36  1 
CALCULATIONS 
DIR  Sop  Yo 


410  387 


Gu 


Vlt     Pit  No 
23  0.06  1 


Vo  Plto 
284  0.00 


Fs 


PI 


Gq 


Pt 


Gf 


NB  1800  0.158  20.610  0.697  0.057  15.390  0.943  12.029 


El  Fm  Fit 
1.614  0.946  0.946 


CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 
WB  LT 
WB  TH-RT 
N3  LT-TH 
S3  TH-RT 


V  s 
381  1509 
147  1310 
410  1503 


v/s 
0  .  25 
0 
0 


g/C 
0.  20 
11  0.00 
27  0.31 


c  v/c 
307  1.24 


0 

458 


0  .00 
0.89 


284  1409  0.20  0.31     430  0.66 


CRITICAL 
* 


CYCLE=113.0     LOST=58.0     SUM  V/S  CRIT=  0.53  TOTAL  V/C=  1.03 


LEVEL  OF  SERVICE  WORKSHEET 
DIR  LN  GROUP     v/c     g/C  C 


W3  LT 
WB  TH-RT 


NB 


;T-' 


SB  TH-R' 


1.24  0 . 20  118 . 0 

0.00  0.00  118.0 

0.89  0.31  118.0 

0.66  0.31  118.0 


dl  c  d2  ?F 

38.07  307  158.22  1.00 

0.00         0         0.00  1.00 

29.78  458  13.87  1.00 

27.13  430         2.62  1.00 


Delay  LOS  Avg  Q     9o%  Q 


196 . 29 
0.00 
43  .65 
29  .  75 


F  25.8 

A  4.8 

E  9.6 

D  6.5 


DIR  Delay  LOS 
WB   141.74  F 
NB     4  3.65  S 
S3     29-75  D 
INTERSECTION  DELAY 


=   32.77   INTERSECTION  LOS=F 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  50  TO  100  SECONDS 
WHICH  MINIMIZES  CRITICAL  MOVEMENT  DELAY  IS     50.0  SECONDS 


FOR  A  V/C  RATIO  OF    .95  THE  CYCLE  SHOULD  3S  129.3  SECONDS 
for  chosen  cycle  length  70.0 

suggested  timing  phase  1  is  17.7  sees  green,  29.0  sees  yellow 
suggested  tiniing  phase  2  is     19.1  sees  green,      29.0  sees  yellow 


rea  c_ear 
red  clear 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

MERIMACK/WORTHEN/ARCAND 

1996  N0-3UILD  CONDITION 

date: 10-28-1992  time : 13 : 50 : 20 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOL'JME=WORVOL  GSOMETRICS=WORGEO  SIGNAL=WORSIG 

LOCATED  IN  CBD:Y 
VOLUME  &  GSOMETRICS 


VOLUMES  #  OF  LAiNSS  LANE  WIDTH  CROSS 


'  DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

SB 

0 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0 

W3 

352 

61 

74 

X 

-1 
J. 

0 

12.0 

12  .  0 

0.0 

0 

1  N3 

21 

356 

0 

0 

1 

0 

0.0 

12.0 

0.0 

0 

SB 

0 

238 

25 

0 

1 

0 

0.0 

12.0 

0  .  0 

0 

TRAFFIC   &  ROADWAY  CONDITIONS 

ADJ   PARK  PEDESTRIANS  ARR 


DIR  GRADE 

%HV 

Y/N  MOVES 

BUSES      PHF  CROSS 

BUT  MIN  TIME 

TYPE 

SB  0.0% 

4.0% 

N  0 

0        .  900 

5 

Y  7.0 

3 

WB  0.0% 

4  .  0% 

N  0 

0  .900 

5 

Y  7.0 

3 

NB  0.0% 

4.0% 

N  0 

0        .  SOO 

5 

Y  7.0 

3 

S3  0.0% 

4  .  0% 

N  0 

0        . 900 

5 

Y  7.0 

3 

PHASINGS 

SAST30 

UND 

WESTBOUND 

NGRTHBCU-ND 

SOU 

TH30UND  GRSZ:; 

Y^ 

1  t 

r  p 

i     t     r  p 

1     t     r  p 

-     r  p 

1 

*  * 

24.0 

29 

2 

*  * 

*     *  36.0 

29 

R  ?RS/ACT 
P 


CYCLE=  118.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV  THV 

RTV 

?  H? 

LTFR 

THFR 

RTF  R 

E3 

0  0 

0 

.  900 

51 

563 

0 

WB 

352  61 

74 

.900 

391 

68 

82 

N3 

21  356 

0 

.  900 

23 

396 

0 

S3 

0  238 

25 

.  900 

0 

264 

28 

PAR 

T  2 

{ LANE 

GROUP 

ADJUSTMENTS) 

DIR 

LN 

GROUP 

FLOW 

N  LU 

V 

Pit 

Prt 

WB 

LT 

391 

1  1.00 

391 

1 

.00 

0 

.00 

WB 

TH- 

RT 

150 

1  1.00 

150 

0 

.00 

0 

.  55 

N3 

LT- 

TH 

419 

1  1.00 

419 

0 

.  06 

0 

.00 

S3 

TH- 

RT 

292 

1  1.00 

292 

0 

.00 

0 

.10 

PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 

BEING  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN  #   LAIvES  OPPOSING 


LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

WESTBOUND 

51 

563 

0 

0 

0 

0 

0 

0 

0 

0 

NORTHBOUND 

0 

264 

28 

100 

100 

100 

0 

1 

0 

292 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpark 

Fbus 

Farea 

Frt 

Fit 

s 

WB 

LT 

1800 

1 

1 

.000 

0  . 

980 

i. 

.000 

1  .000 

1 

.  000 

0.900 

i. 

.  000 

0 

.  950 

1509 

WB 

TH- 

RT 

1800 

1 

1 

.  000 

0. 

980 

1 

.000 

1 .  000 

1 

.000 

0  .  900 

0 

.  825 

1 

.  000 

1310 

NB 

LT- 

TH 

1800 

1 

1 

.  000 

0. 

980 

^ 

J. 

.  000 

1 .000 

1 

.  000 

0  .  900 

1 

.000 

0 

.943 

1498 

SB 

TH- 

RT 

1800 

1 

1 

.000 

0  . 

980 

1 

.  000 

1 .000 

1 

.000 

0  .  900 

0 

.  887 

i. 

.  000 

1409 

Supplemental  worksheet  for  left-turn  adjustment  factor  flt 
input  variables 


DIR  C  G  N  Va  Vm  Vlt 
N3  118  36  1  419  396  23 
CALCULATIONS 

DIR  Sop         Yo  Gu  Fs 

NB  1300  0.162  20.108  0.692  0 


Pit  No 
0.06  1 

PI 


Vo  Plto 
292  0.00 


Gq 


Pt 


Gf 


056  15.892  0-944  12.403 


31 
625 


Fm  Fit 
943  0.943 


CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 
WB  LT 
WB  TH-RT 
NB  LT-TH 
S3  TH-RT 


V         s     v/s     g/C  c  v/c 

391   1509  0.26  0.20  307  1.27 

150  1310  0.11  0.00  0  0.00 

419  1498  0.28  0.31  457  0.92 

292  1409  0.21  0.31  430  0.68 


CRITICAL 
* 


CYCLE=118.0     LOST=58.0     SUM  V/S  CRIT=  0.54  TOTAL  V/C=  1.06 


LEVEL  OF  SERVICE  WORKSHEET 


DIR  LN  GROUP 
WB  LT 
WB  TH-RT 
NB  LT-TH 
SB  TK-RT 


v/c  g/C       C           dl  c  d2  ?F 

1.27  0.20   118.0  38.41  307  182.94  1.00 

0.00  0.00   118.0       0.00         0  0.00  1.00 

0.92  0.31   118.0  30.06  457  16.63  1.00 

0.68  0.31   118.0  27.32  430  2.99  1.00 


Delay  LOS  Avg  Q 
221.35     F  29.2 


0  .  00 
46  .  69 
30  .  31 


4  .  9 
10  .  2 
6.7 


95% 


DIR  Delay  LOS 
WB  159.99  F 
NB     46.69  E 
S3     30.31  D 
INTERSECTION  DELAY 


=   91.83   INTERSECTION  LOS=? 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  50  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS      50.0  SECONDS 


FOR  A  V/C  RATIO  OF    .95  THE  CYCLE  SHOULD  BE  134.0  SECONDS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is  16.8  sees  green,  29.0  sees  yellow 
suggested  timing  phase  2  is     18.2  sees  green,     29.0  sees  yellow 


rea  c^ear 
red  clear 


1985  HCM  -  CHAPTER  9:   SIGNALIZED  -  OPERATIONAL  ANALYSIS 

MERIMACK/WORTHEN/ARCAND 

1999  NO-BUILD  CONDITION 

date: 10-28-1992  time : 13 : 52 : 57 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=WORVOL  GEOMSTRICS=WORGEO  SIGNAL=WORSIG 

LOCATED  IN  CBD:Y 
VOLuMS  &  GECMETRICS 

VOLUMES  #  OF  LANES  LANS  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WA 

SB 

0 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0 

WB 

379 

66 

79 

X 

1 

X 

0 

12  .  0 

12.0 

0.0 

0 

N3 

23 

384 

0 

0 

1 

0 

0.0 

12.0 

0.0 

0 

S3 

0 

256 

27 

0 

1 

0 

0  .  0 

12  .  0 

0  .  0 

0 

TRAFFIC  &  ROADWAY  CONDITIONS 


ADJ 

PARK 

PEDESTRI 

ANS 

ARR 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF 

CROSS 

BUT 

MIN  TIME 

TYPE 

E3 

0.0% 

4  .  0% 

N 

0 

0 

.900 

5 

Y 

7  .  0 

3 

WB 

0.0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y 

7  .  0 

3 

N3 

0.0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y 

7  .  0 

3 

S3 

0.0% 

4  .  0% 

N 

0 

0 

.900 

5 

Y 

7  .  G 

3 

PHASINGS 

SAST30UND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GRSEN  Y^R  PRE/ACT 
Itrplrrpltrpl-rp 

1  *  *  24.0     29  ? 

2  *     *  *     *  36.0     29  ? 


CYCLE=  118.0 


VOLUMS  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

SB 

0 

0 

0 

.  900 

51 

563 

0 

WB 

379 

66 

79 

.  900 

421 

73 

88 

N3 

23 

384 

0 

.  900 

26 

427 

0 

SB 

0 

256 

27 

.  900 

0 

284 

30 

PART  2    (LANE  GROUP 

DIR  LN  GROUP  FLOW 

WB     LT  421 

WB     TH-RT  161 

NB     LT-TH  4  52 

SB     TH-RT  314 


ADJUSTMENTS) 
N  LU  V  Pit  Prt 
1  1.00  421  1.00  0-00 
1  1.00  161  0.00  0.54 
1  1.00  452  0.06  0.00 
1  1.00     314  0.00  0.10 


PART  3    (OPPOSING  VOLL'ME  ADJUSTMENTS) 


LEFT  TURN 

OPPOS 

ING  APPROACH 

BEING  OPPOSED 

VOLUMES 

%  OPPOSING  LEFT  TURN 

# 

LANES 

OPPOSING 

LT 

TH  RT 

LT       TH  RT 

LT 

TH  RT 

VOLUME 

WESTBOU-ND 

51 

563  0 

0         0  0 

0 

0  0 

0 

NORTHBOUND 

0 

284  30 

100     100  100 

0 

1  0 

314 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP     IDEAL  N     Fwid       Fhv       Fgr  Fpark  Fbus  Farea  Frt  Flz  s 

WB     LT                  1800     1   1.000  0-980  1.000  1.000  1.000  0.900  1-000  0.950  1509 

WB     TK-RT            1800     1  1.000  0.980   1.000  1.000  1.000  0.900  0.825  1.000  1311 

NB     LT-TH           1800     1  1.000  0.980  1.000  1.000  1.000  0.900  1.000  0.926  1470 

SB     TH-RT           1800     1  1.000  0.980  1.000  1.000  1.000  0.900  0.887  1.000  1409 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 

DIR  C  G  N  Va  Vm  Vlt  Pit  No  Vo  Pito 
N3  118  36  1  452  427  26  0.06  1  314  0.00 
CALCULATIONS 

DIR  Sop         Yo  Gu         Fs         ?1  Gq 

N3  1800   0.175   13.643  0.678  0.057   17.357  0 


Ft 
943 


13 


Gf  El         Fm  Fit 

236     1.658  0.926  0.926 


CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 
WB  LT 
W3  TH-RT 
N3  LT-TH 
S3  TH-RT 


V  s 
421  1509 
161  1311 
452  1470 


v/s 
0  .  28 
0.12 


g/C 
0.20 
0.00 


0.31  0.3; 


314  1409  0.22  0.31 


c 

307 
0 


v/c 
1 .37 
0  .00 


449  1.01 
430  0.73 


CRITICAL 
* 


CYCL£=118.0      LOST=58.0     SUM  V/S  CRIT=   0.59  TOTAL  V/C=  1.15 


LEVEL  OF   SERVICE  WORKSHEET 


DIR  LN  GROUP 
W3  LT 
W3  TH-RT 
N3  LT-TH 
S3  TH-RT 


v/c     g/C       C  dl  c 

1.37   0.20  118.0  39.47  307 

0.00  0.00  118.0  0.00  0 

1.01   0.31   118.0  31.27  449 

0.73  0.31   118.0  27.38  430 


d2  ?F 

270.58  1.00 

0.00  1.00 

34.83  1.00 

4.33  1.00 


Delay  LOS  Avg  Q 
310.05     ?  41.8 
0.00     A  5.3 
66.11     F  13.5 
32.20     D  7.2 


95%  <2 


DIR  Delay  LOS 
W3  224.26  F 
N'3     66.11  F 
S3     32.20  D 

INTERSECTION  DELAY  =126.47    INTERSECTION  LOS=F 

THE  CYCLE  LENGTH  WITHIN  THE  SOUNDS  OF  50  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS     50.0  SECONDS 


FOR  A  V/C  RATIO  O?    .95  THE  CYCLE  SHOULD  BE   151.7  SECONDS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is  18,1  sees  green,  29.0  sees  yellow 
suggested  timing  phase  2  is     20.0  sees  green,     29.0  sees  yellow 


rec  Ci.ear 
red  clear 


1985  HCM  -  CHAPTER  9;    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

MERIMACK/WORTKSN/ARCAND 

1992  BUILD  CONDITIONS 

date: 10-28-1992  time : 14 : 04 : 07 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

IV0LUMS=W0RBV0L         GEOMETRICS=WORBGEO  SIGNAL=WORBSIG 
(located  IN  C3D:Y 


I- 


volume  &  GEOMETRICS 


VOLUMES 

#  OF 

LANES 

LANS  WIDTH 

CROSS 

DIR 

LT 

TH 

RT 

LT  TH 

RT 

LT  TH 

RT 

WALK 

EB 

0 

0 

0 

0 

0 

0 

0.0  0.0 

0.0 

0 

WB 

0 

55 

67 

1 

X 

0 

12.0  12.0 

0.0 

0 

N3 

19 

323 

0 

0 

1 

0 

0.0  12.0 

0.0 

0 

S3 

0 

215 

23 

0 

1 

0 

0.0  12.0 

0.0 

0 

TRAFFIC  & 

ROADWAY  CONDITIONS 

ADJ 

PARK 

PEDESTRIANS 

ARR 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUSES 

PHF  CROSS 

BUT  MIN 

TIMS 

TYPE 

iEB 

0.0% 

4.0% 

N 

0 

0 

.  900  5 

Y 

7  .  0 

3 

jWB 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900  5 

Y 

7.0 

3 

N3 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900  5 

Y 

7  .  0 

3 

,SB 

0  .  0% 

4  .  0% 

N 

0 

0 

.900  5 

Y 

7  .  0 

3 

PHASINGS 

SA3T30UND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GRZSN  Y-R  PRS/AC 
Itrpltrpltrplnrp 

1  *  «««  «*53.00A 

2  «     *  *     15.0       0  A 

CYCLE=  68.0 

VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

TH?R 

RTFR 

S3 

0 

0 

0 

.900 

51 

563 

0 

W3 

0 

55 

67 

.900 

0 

61 

74 

NB 

19 

323 

0 

.900 

21 

359 

0 

SB 

0 

215 

23 

.900 

0 

239 

26 

PART  2  (LANS  GROUP 
DIR  LN  GROUP  FLOW 
WB  TH-RT  136 
NB  LT-TH  380 
SB     TH-RT  264 


ADJUSTMENTS ) 
N       LU         V     Pit  Prt 
1  1.00     136  0.00  0.55 
1  1.00     380  0.06  0.00 
1  1.00     264  0.00  0.10 


PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 

BEING  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN         #   LANES  OPPOSING 

LT       TH       RT  LT       TH  RT  LT     TH     RT  VOLUME 

NORTHBOUND  0     239       26  100     100  100  0        10  264 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP     IDEAL  N     Fwid       Fhv       Fgr  Fpark  Fbus  Farea       Frt       Fit  s 

WB     TH-RT  1800     1  1.000  0.980   1.000  1.000  1.000  0.900   0.825  1.000  1310 

NB     LT-TH  1800     1  1.000   0.980   1.000  1.000  1.000  0.900   1.000   1.000  1588 

SB     TH-RT  1800     1  1.000  0.980  1.000  1.000  1.000  0.900   0.887   1.000  1408 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 

DIR     C       G     N       Va       Vm     Vlt     Pit  No       Vo  Plto 

NB     68     53     1     380     359       21  0.06  1     264  0.00 
CALCULATIONS 

DIR  Sop         Yo           Gu         Fs         Pi  Gq         Pt           Gf           El          Fm  Fit 

NB  1800  0.147   50.417  0.710  0.056  2.583  0.944     2.420     1.585   1.000  1.000 


DIR  LN  GROUP 
W3  TH-RT 
NB  LT-TH 
SB  TH-RT 


V  s  v/s     g/C  c  v/c 

136  1310  0.10  0.22  289  0.47 

380  1588  0.24  0.78  1238  0.31 

264  1408  0.19  0.78  1098  0.24 


CRITICAL 
* 


CYCLE=  68.0     LOST=  0.0     SUM  V/S  CRIT=  0.34  TOTAL  V/C=  0.34 


LEVEL  OF   SERVICE  WORKSHEET 
DIR  LN  GROUP     v/c     g/C  C 
W3     TH-RT         0.47   0.22  63.0 
NB     LT-TH         0.31  0.7  8  68.0 
S3     TH-RT         0.24  0.78  68.0 


dl  c  d2  ?F 

17.51  289  0.91  0.85 

1.65  1238  0.05  0.85 

1. 55  1098  0.02  0.85 


Delay  LOS  Avg  Q     95%  ( 
15.66     C  2.0 


44 
34 


A 
A 


1.6 


DIR  Delay  LOS 
WB     15.66  C 
N3       1.4  4  A 
S3       1.34  A 
INTERSECTION  DELAY  = 


3.88   INTERSECTION  LOS=A 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  50  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS      50.0  SECONDS 


FOR  A  V/C   RATIO  OF    .95  THE  CYCLE  SHOULD  BE 
for  chosen  cycle  length  80.0 

suggested  tin^.ing  phase  1  is  19.1  sees  green, 
suggested  timing  pnase  2  is       8.3  sees  green. 


0.0  SECONDS 

0.0  sees  yellow  red  clear 
0.0  sees  yellow  -r  red  clear 


1985  HCM  -   CHAPTER   9:    SIGNALIZED   -  OPERATIONAL  ANALYSIS 

MERIMACK/WORTHEN/ARCAND 

1995  BUILD  CONDITIONS 

date: 10-28-1992  time : 14 : 08 : 45 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=WOR3VOL         GEOMETRICS=WORBGEO  SIGNAL=W0R3SIG 
LOCATED  IN  CBD:Y 
VOLUME  &  GEOMSTRICS 


VOLUMES 

#  OF 

LANES 

LAN2  WIDTH 

CROSS 

DIR  LT 

TH 

RT 

LT  TH 

RT 

LT 

TH 

RT 

WALK 

S3  0 

0 

0 

0  0 

0 

0.0 

0.0 

0.0 

0 

W3  0 

60 

72 

J.  X 

0 

12  .  0 

12.0 

0  .  0 

0 

348 

0 

0  1 

0 

0  .  0 

12.0 

0  .  0 

0 

S3  0 

232 

24 

0  1 

0 

0.0 

12.0 

0.0 

n 

TRAFFIC  & 

ROADWAY  CONDITIONS 

ADJ 

PARK 

PEDESTRIANS 

ARR 

DIR  GRADE 

%HV 

Y/N 

MOVES 

3USSS 

PHF  CROSS 

BUT  MIN 

TIMS 

TYPE 

E3  0.0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y  7 

.  0 

3 

W3  0.0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y  7 

.0 

3 

N3     0  .  0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y  7 

.  0 

3 

S3  0.0% 

4  .  0% 

N 

0 

0 

.  900 

5 

Y  7 

-  U 

3 

PHASING S 

SAST3GUND 

WEST 

3CL-ND 

N^CRTHBOUND 

SOU 

Tj^BCUND 

GRS3N 

Y^ 

**  ^ 

-  P 

1  t 

r  p 

r  p 

~     r  p 

* 

*  * 

53  .  0 

0 

2 

* 

* 

15.0 

0 

R  PRZ/AC 

A 
A 


CYCLE=     6  8.0 


VOLUME  ADJUSTMENT  WORKSHEET 


PART  1    (MOVEMENT  ADJUSTME: 

iTS) 

DIR     LTV  THV 

RTV 

PH? 

LT?R  THFR 

RTF  R 

S3            0  0 

0 

.  900 

51 

563 

0 

W3            0        6  0 

72 

.  900 

0 

67 

80 

:;3         21  348 

0 

.  900 

23 

387 

S3           0  232 

24 

.  900 

0 

258 

27 

PART  2  (LANE 

GROUP 

ADJUSTMENTS) 

DIR  LN  GROUP 

FLOW 

N  LU 

V 

Pit 

?rz 

W3  TH-RT 

147 

1  1.00 

147  0.00 

0.  55 

N3  LT-TH 

410 

1  1.00 

410  0.06 

0  .  00 

SB  TK-RT 

284 

1  1.00 

284  0.00 

0-09 

PART  3  (OPPOSING 
LEFT  TURN 
BEING  OPPOSED 

NORTHBOUND 


VOLUHS  ADJUSTMENTS) 

OPPOSING  APPROACH 
VOLUMES  %  OPPOSING  LEFT  TU'RN 

LT       TH       RT  LT       TH  RT 

0     258       27  100     100  100 


#  LAx\ES 
,T     TH  RT 
0  10 


OPPOSING 
VOLUME 
284 


SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR  LN  GROUP  IDEAL  N     Fwid  Fhv 

WB     TH-RT  1800  1   1.000  0.980  1 

NB     LT-TH  1800  1  1.000  0.980  1 

SB     TH-RT  1800  1  1.000  0.980  1 


Fgr  Fpark     Fbus  Farea  Frt       Fit  s 

000  1-000  1.000  0.900  0-825  1.000  1310 

000  1.000  1.000  0.900  1.000   1.000  1588 

000  1.000   1.000  0.900  0.887   1.000  1409 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 
DIR     C       G     N       Va       Vm  Vlt 
NB     68     53     1     410     387  23 
CALCULATIONS 

DIR  Sop         Yo  Gu  Fs 


Pit 
0-06 

Pi 


No 
1 


Vo 
284 


Gq 


Pito 
0  .00 

?t 


Gf 


NB  1800  0.158   50.185  0.697   0.057     2.815  0.943  2.624 


.614 


Fm  r  i  t 
OCO  1.000 


DIR   LN  GROUP 
W3  TH-RT 
NB  LT-TH 
S3  TH-RT 


V  s 
147  1310 
410  1588 
284  1409 


v/s  g/C 

0.11  0.22 

0.26  0.78 

0.20  0.78 


c  v/c 

289  0.51 

1238  0.33 

1098  0.26 


CRITICAL 
« 


CYCL2=  68.0     LOST=  0.0     SUM  V/S  CRIT=  0.37  TOTAL  V/C=  0.37 

LEVEL  OF   SERVICE  WORKSHEET 

DIR  LN  GROUP     v/c     g/C       C  dl         c  d2  ?F       Delay  LOS  Avg  Q     95%  Q 

W3     TH-RT         0.51  0.22     63.0     17.68     289         1.23  0.85       16.07     C  2.2 

N3     LT-TH         0.33  0.78     68.0       1.69   1238         0.06  0.85         1.49     A  1.7 

S3     TH-RT         0.26  0.78     68.0       1.58  1098         0.03  0.85         1.36     A  1.2 


DIR  Delay  LOS 
WB     16.07  C 
NB       1.49  A 
S3       1.36  A 

INTERSECTION  DELAY  =     3.99   INTERSECTION  LOS=A 


THE  CYCLE   LENGTH  WITHIN  THE  BOUNDS  OF      30     TO     120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS      30.0  SECONDS 

FOR  A  V/C   RATIO  OF    .95  THE  CYCLE  SHOULD   3E       0.0  SECONDS 
for  chosen  cycle  length  80.0 

suggested  timing  pnase  1  is  20.7  sees  green,  0.0  sees  yellow  -r  red  clear 
suggested  timing  phase  2  is       9.0  sees  green,       0.0  sees  yellow  -t-  red  clear 


1985  HCM  -  CHAPTER  9:    SIGNALIZED   -  OPERATIONAL  ANALYSIS 

MERIMACK/WORTHEN/ARCAND 

1996  BUILD  CONDITIONS 

date:10-28-1992  time : 14 : 11 : 41 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=WORBVOL         GEOMETRICS=WORBGEO  SIGNAL=WORBSIG 
LOCATED  IN  CBD:Y 
VOLUME  &  GEOMETRICS 

VOLUMES  #  OF  LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

EB 

0 

0 

0 

0 

0 

0 

0  .  0 

0  .  0 

0.0 

0 

WB 

0 

61 

75 

1 

1 

0 

12.0 

12.0 

0.0 

0 

NB 

21 

356 

0 

0 

± 

0 

0.0 

12.0 

0.0 

0 

SB 

0 

238 

25 

0 

1 

0 

0.0 

12  .  0 

0.0 

0 

TRAFFIC   &  ROADWAY  CONDITIONS 


ADJ 

PARK 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

BUS 

S3 

0  .  0% 

4  .  0% 

N 

0 

0 

W3 

0  .  0% 

4  .  0% 

X 

0 

0 

N3 

0  .  0% 

4.0% 

N 

0 

0 

S3 

0.0% 

4.0% 

N 

0 

0 

PEDESTRIANS  ARR 
S      PKF  CROSS  BUT  MIN  TIMS  TYPE 


.  900 

5 

Y 

7.0 

3 

.  900 

5 

Y 

7.0 

3 

.  900 

5 

Y 

7.0 

3 

.  900 

5 

Y 

7.0 

3 

PHASINGS 

SASTBOUND  WESTBOUND  NORTHBOUND  SOUTHBOUND  GRSSN  Y^R  PRS/ACT 
itrpltrpl  trpl-rp 

1  *  ***  **53.00A 

2  **  *15.00A 

CYCLE=  68.0 


VOLUME  ADJUSTMENT  WORKSHEET 
PART  1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

?HF 

LTFR 

THFR 

RTFR 

SB 

0 

0 

'\f 

.  900 

51 

563 

0 

WB 

0 

61 

75 

.900 

0 

68 

83 

NB 

21 

356 

0 

.  900 

23 

396 

0 

S3 

0 

238 

25 

.  900 

0 

264 

28 

PART   2    (LANE  GROUP  ADJUSTMENTS) 

DIR  LN  GROUP  FLOW  N       LU         v     Pit  Prt 

WB     TH-RT  151  1  1.00     151   0.00  0.55 

NB     LT-TK  419  1   1.00     419   0.06  0.00 

SB     TH-RT  292  1  1.00     292   0.00  0.10 


PART   3    (OPPOSING  V0LUT1E  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 

BEING  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN  #  LANES  OPPOSING 

LT       TH       RT  LT       TH       RT  LT     TH     RT  VOLUME 

NORTHBOUND  0     264       28  100     100     100  0        10  292 


SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP     IDEAL  N     Fwid       Fhv       Fgr  Fpark     Fbus  Farea  Frt  Fit  s 

WB     TH-RT           1800     1  1.000  0.980   1.000  1.000  1.000  0.900  0.824  1.000  1309 

NB     LT-TH           1800     1  1.000   0.980   1.000  1.000  1.000  0.900  1.000  1.000  1583 

SB     TH-RT           1800     1  1.000   0.980   1.000  1.000  1.000  0.900  0.887  1.000  1409 


SUPPLEMENTAL  WORKSHEET  FOR   LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 

DIR  C  G  N  Va  Vm  Vlt  Pit  No  Vo  Plto 
NB  68  53  1  419  396  23  0.06  1  292  0.00 
CALCULATIONS 

DIR   Sop         Yo  Gu         Fs  ?1  Gq         Pt  Gf  Si  Fm  Fit 

NB  1800   0.162   50.093  0.692   0.056     2.907   0.944     2.710     1.625   1.000  l.OCO 


CRITICAL 


CAPACITY   ANALYSIS  WORKSHEET 

DIR  LN  GROUP         v        s     v/s  q/C  c  v/c 

HB     TH-RT           151  1309  0.12  0.22  289  0,52 

NB     LT-TH           419  1588  0.26  0.78  1238  0.34 

SB     TH-RT           292  1409  0.21  0.78  1098  0.27 


CYCLE=  68.0     LOST=  0.0     SUM  V/S  CRIT=  0.38  TOTAL  V/C=  0.38 


LEVEL  OF   SERVICE  WORKSHEET 

DIR  LN  GROUP     v/c     g/C       C  dl  c 

WB     TH-RT         0.52  0.22     68.0  17.75  289 

NB     LT-TH         0.34  0.78     68.0       1.71  1238 

S3     TH-RT         0.27   0.78     68.0       1.59  1098 


d2  ?F       Delay  LOS  Avg  Q 

1.40  0.85       16.27     C  2.2 

0.07  0.8  5  1.51     A  1.7 

0.03  0.85         1.38     A  1.2 


95% 


DIR  Delay  LOS 
WB     16.27  C 
NB       1.51  A 
SB       1.38  A 
INTERSECTION  DELAY  = 


4.05   INTERSECTION  LCS=A 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  50  TO  120  SECONDS 
WHICH  MINIMIZES  CRITICAL  MOVEMENT  DELAY  IS      50.0  SECONDS 


FOR  A  V/C  RATIO  O?    .95  THE  CYCLE  SHOULD  3E 
for  chosen  cycle  length  80.0 

suggested  timing  phase  1  is  21.1  sees  green, 
suggested  timing  pnase  2  is       9.2  sees  green. 


0.0  SECONDS 

0.0  sees  yellow  +  red  clear 
0.0  sees  yellow  +  red  clear 


VOL 

m 

DIR 

E3 

»3 

N3 
S3 


l98  5  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 
1ERIMACK/W0RTHEN/ARCAND 
|L999  build  CONDITIONS 

iate: 10-28-1992  time : 14 : 14 : 38 

jAST  DATA  SET  NAMES  LOADED  OR  SAVED 

|/0LUME=W0RBV0L         GE0METRICS=W0RBGE0  SIGNAL=W0RBSIG 
(jjOCATED  IN  CBD:Y 
j/OLUME  &  GEOMETRIC S 
I  VOLUMES 


DIR 

LT 

TH 

RT 

SB 

0 

0 

0 

•*B 

0 

66 

79 

^3 

23 

384 

0 

SB 

0 

256 

27 

#  OF  LANES 
LT  TK  RT 
0  0  0 
110 
0  10 
0  10 


TRAFFIC   &  ROADWAY  CONDITIONS 

ADJ  PARK 

IDIR  GRADE  %KV  Y/N  MOVES  BUSES 
ks     0.0%     4.0%       N  0  0 

WB     0.0%     4.0%       N  0  0 

N-B     0.0%     4.0%       N  0  0 

„S3     0.0%     4.0%       N  0  0 


LANS  WIDTH 


LT 
0.0 
12.0 
0.0 
0.0 


TH 
0.0 
12.0 
12.0 
12.0 


RT 
0.0 
0  .  0 
0.0 
0.0 


CROSS 
WALK 
0 
0 
0 
0 


PEDESTRIANS  ARR 

PHF  CROSS   BUT  MIN  TIMS  TYPE 
900         5       Y           7.0  3 
900         5       Y           7.0  3 
900         5       Y           7.0  3 


.  900 


Y 


7  .  0 


"PHASINGS 

SASTBOL'ND 
I         1     t     r  ? 
I  1 
2 

CYCLS=  68.0 


WESTBOUND 
1     t    r  p 


NORTHBOUND 
1     r     r  p 


SOUTHBOUND  GRE3N     Y-R  PRZ/ACT 


53  .  0 
15.0 


A 
A 


.VOLUME  ADJUSTMENT  WORKSHEET 


PART 

1  (MOVSMEN 

T  ADJUSTMEN 

TS) 

DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

SB 

0 

0 

0 

.900 

51 

563 

0 

WB 

0 

66 

79 

.900 

0 

73 

88 

NB 

23 

384 

0 

.900 

26 

427 

0 

SB 

0 

256 

27 

.  900 

0 

234 

30 

PART   2    (LANS  GROUP  ADJUSTMENTS) 

DIR  LN  GROUP     FLOW  N  LU 

,'WB     TH-RT  161  1  1.00 

NB     LT-TH  452  1  1.00 

ISB     TH-RT  314  1  1.00 


V     Pit  Prt 

161  0.00  0.54 

452  0.06  0.00 

314  0.00  0.10 


I  PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 
LEFT  TURN  OPPOSING  APPROACH 

! BEING  OPPOSED  VOLUMES  %  OPPOSING  LEFT  TURN 

LT       TK       RT  LT       TH  RT 

[NORTHBOUND  0     284       30  100     100  100 


#  LANES 
LT     TH  RT 
0  10 


OPPOSING 
VOLUME 
314 


SATURATION  FLOW  ADJUSTMENT  WORKSHEET 
DIR  LN  GROUP     IDEAL  N     Fwid       Fhv       Fgr  Fpark 
WB     TH-RT  1800     1  1.000  0.980  1.000  1.000 

NB     LT-TH  1800     1   1.000  0.980  1.000  1.000 

SB     TH-RT  1800     1  1.000  0.980  1.000  1.000 


Fbus  Farea 

1.000  0.900  0 

1.000  0.900  1 

1-000  0.900  0 


Frt  Fit  s 
825  1.000  1311 
000  1.000  1588 
887   1.000  1400 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
llNPUT  VARIABLES 


[DIR  C  G  N  Va  Vm  Vlt 
(NB  68  53  1  452  427  26 
I  CALCULATIONS 

DIR  Sop         Yo  Gu  Fs 

'nb  1800  0.175  49.825  0.678  0 


Pit 
0.06 

PI 

057 


No 
1 


Vo 
314 


Gq 

175 


Plto 
0.00 

Pt 
943 


Gf 
945 


1.658 


Fiti 

000 


Fit 

000 


A_AfAC^iI  Ar 

DIR  LN  GROUP 
WB  TH-RT 
NB  LT-TH 
SB  TK-RT 


V        s     v/s     g/C        c     v/c  CRITICAL 

161  1311  0.12  0.22     289  0.56  • 

452  1588  0.28  0.78  1238  0.37  • 

314  1409  0.22  0.78  1098  0.29 


CYCLE=  68.0     LOST=  0.0     SUM  V/S  CRIT=  0.41  TOTAL  V/C=  0.41 


LEVEL  OF  SERVICE  WORKSHEET 
DIR  LN  GROUP  v/c  g/C  C 
WB     TH-RT         0.56  0.22  68.0 


dl 
17  .90 


c 

289 


d2  ?F  Delay  LOS  Avg  Q  95%  Q 
1.80   0.35       16.75     C  2.4 


NB  LT-TH 
SB  TH-RT 


0.37  0.78  68.0 
0.29  0.78  68.0 


1.76  1238 
1.62  1098 


0.09  0.85 
0.04  0.85 


1  .  57 
1 .  41 


1.3 


DIR  Delay  LOS 
WB     16.75  C 
NB       1 . 57  A 
SB        1.41  A 
INTERSECTION  DELAY  = 


4.15   INTERSECTION  LOS=A 


THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  Or  50  TO  120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      50.0  SECONDS 


FOR  A  V/C   RATIO  OF    .95  THE  CYCLE  SHOULD  3E 
for  chosen  cycle  length  30.0 

suggested  timing  phase  1  is  22.3  sees  green, 
suggested  timing  phase  2  is       9.8  sees  green, 


0.0  SECONDS 

0.0  sees  yellow 
0.0  sees  yellow 


rea  c.ear 
red  clear 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ARCAND/ FRENCH 

1992  3UILD  CONDITIONS 


date:10-29-1992 

time 

:09: 53 

:24 

LAST  DATA  SET  NAMES  LOADED 

OR  SAVED 

V0LUME=?REN3V0L 

GEOMETRI 

CS=FRS 

NBGEO 

SIGNAL=FRENBSIG 

LOCATED  IN  C3D: 

Y 

VOLUME   &  GEOMETRICS 

VOLUMES 

#  OF 

LANES 

LANE  WIDTH 

CROSS 

DIR     LT  TH 

RT         LT  TH 

RT 

LT 

TK  RT 

WALK 

EB     442       78  1 

28           0  2 

1 

0.0 

12.0  12.0 

0 

W3       70  110 

54           0  2 

0 

0  .  0 

12.0  0.0 

0 

N-3     100  250 

59           2  1 

0 

12.0 

14.0  0.0 

0 

S3       37      234  1 

67  11 

1 

12.0 

12.0  14.0 

0 

TRAFFIC   &  ROADWAY  CONDITIONS 

AD J  PARK 

PEDESTRIANS 

ARR 

DIR  GRADE  %HV 

Y/N  MOVES 

3USES 

PHF  CROSS   BUT  MIN 

TIMS 

TYPE 

£3     0.0%  4.0% 

N  0 

0 

.  900 

0      Y  : 

- .  0 

3 

W3     0.0%  4.0% 

N  0 

0 

.  900 

0       Y  : 

u  .  0 

3 

N3     0.0%  4.0% 

N  0 

0 

.  900 

0     Y  : 

3 

S3     0.0%  4.0% 

N  0 

0 

.  900 

0     Y  : 

- .  0 

3 

PHASINGS 

SASTSCU'ND 

WEST30UND 

NORT 

H30L"ND 

SOUTHBOUND 

GREEN 

Y^R 

PRE/ACT 

1     i:     r  p 

1     -     r  p 

1.  z. 

r  P 

1     -     r  p 

1 

ic        *  * 

15.0 

A 

2  * 

*  * 

26  .  0 

3 

A 

2     *     *  * 

* 

20.0 

3 

A 

4 

K           *  X 

10  .  0 

3 

A 

5  * 

* 

* 

X 

1 .  0 

6 

A 

CYCLE=      9  CO 


VOLUME  ADJUSTMENT  WORKSHZE' 


PART 

1  vMC 

VSM 

SNT  ADJ" 

USTMSN 

-  S  ) 

DIR 

LTV 

THY 

RTV 

PHF 

LTFR  THFR 

RTFR 

E3 

442 

78 

128 

.  900 

491 

87 

142 

WB 

70 

110 

54 

.  900 

78 

122 

60 

N3 

100 

250 

59 

.900 

±  A.  J. 

278 

66 

SB 

37 

234 

167 

.  900 

41 

260 

186 

PART 

2    ( LANS 

GROUP 

ADJUSTMENTS) 

DIR 

LN  GROUP 

FLOW 

N 

LU 

V 

?lz 

Prt 

S3 

LT-TH 

578 

2 

1.05 

607  0.85 

0.00 

S3 

RT 

142 

± 

1 .  00 

142  0.00 

1 .00 

wa 

LT-TH- 

RT 

260 

2 

1.05 

273  0.30 

0.23 

N3 

LT 

111 

2 

1 .  05 

117  ] 

L  .00 

0.00 

NB 

TH-RT 

343 

1 

1 .  00 

343  0.00 

0  . 19 

S3 

LT 

41 

^ 
J. 

1 .  00 

41  1.00 

0.00 

S3 

TH 

260 

1 

1 .  00 

260  C 

).00 

0.00 

SB 

RT 

186 

1 

1 .  00 

186  0.00 

1 .  00 

PART   3    (OPPOSING  VOLU"ME  ADJUSTMENTS 


LEFT  TURN 


OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOS 

ING  L 

EFT  TURN 

# 

LANE  S 

OPPOSING 

LT 

TH  RT 

LT 

TH 

RT 

U  X 

TH 

RT 

VOLUME 

EASTBOU"ND 

78 

122  60 

0 

0 

0 

0 

0 

0 

WESTBOU*ND 

491 

87  142 

0 

0 

0 

0 

2 

0 

NORTHBOU'ND 

41 

260  186 

0 

0 

0 

0 

SOUTHBOUNT) 

111 

278  66 

0 

0 

0 

2 

1 

0 

0 

SATURATION   FLOW  ADJUSTMENT  WORKSHEET 


rk  T  '3 

U  1  X 

T      J?  i  T 

si 

r  wld 

f  ^ 

en 

T  T*  — 
Li  I 

1  ti 

1  o  UU 

1 

.  UUvJ 

A 

O  O  A 

X 

AAA 

IV  1 

Q  n  r\ 

1 

1 

AAA 

Q  Q  A 
.  7  O  Vj 

1 
1 

AAA 

u  a 

i  n   K  1 

1  a  r<  n 
1  o  u  u 

AAA 

A 

o  d  A 

AAA 

V 

T  T 

i.  o  UU 

1 

AAA 

U 

Q  Q  A 
.  7  O  U 

i 

AAA 

V  a 
N  o 

i  fl  - 

K  1 

1 

i 

ACT 

U 

Q  Q  A 

1 

AAA 
.  U  U  U 

*  n 

AAA 

U 

O  Q  A 

.  y  o  u 

i. 

AAA 
-000 

S3 

TH 

1800 

1 

.000 

0 

.  980 

X 

.000 

S3 

RT 

1300 

1 

1 

.067 

0 

.  980 

1 

.  000 

Fpark  Fbus  Farea       Frt       Fit  s 

1.000  1.000  0.900   1.000  1.000  3176 

1.000  1.000  0.900  0.850  1.000  1350 

1.000  1.000  0.900   1.000   1.000  3176 

1.000  1.000  0.900   1.000  0.920  2922 

1.000  1.000  0.900  0.874   1.000  1481 

1.000  1.000  0.900   1.000  0.950  1509 

1.000  1.000  0.900   1.000   1.000  1583 

1.000  1.000  0.900   0.350   1.000  1440 


CAPACITY  ANALYSIS  WORKS HZ2T 


DIR  LN 

GR0U5 

V 

s 

v/s 

g/c 

c 

v/ c 

CRITICAL 

S3  LT- 

TH 

607 

3176 

0  .19 

0.22 

706 

0  .  86 

* 

E3  RT 

142 

1350 

0  . 11 

0  .54 

735 

0  . 19 

W3  LT- 

TH-RT 

273 

317  6 

0.09 

0. 11 

353 

0  .77 

* 

N3  LT 

117 

2922 

0.04 

0.29 

844 

0.14 

N'3  TH- 

RT 

343 

1481 

0.23 

0.29 

428 

0  .  80 

S3  LT 

41 

1509 

0.03 

0.17 

251 

0  . 16 

S3  TH 

260 

1588 

0  . 16 

0  .17 

265 

0  .  98 

* 

S3  RT 

186 

1440 

0.13 

0  .  39 

560 

0  .  33 

CYCLS= 

90  .  0 

LOST= 

18  .  0 

SUM 

V/S 

CRIT= 

0  .  67 

TOTAL  V/C 

L2V 

iL   OF  SiRV 

ICE  WCRKSH 

EST 

DIR 

LN  GROUP 

v/c  g/C 

dl 

e 

d2 

P?  De 

lay 

- 

OS  Avg  Q     9  3%  qI 

S3 

LT-TH 

0.36  0.22 

90  . 

0 

25  .  57 

706 

7  . 

3  5 

0  .35 

27  . 

99 

D 

11.2  ■ 

S3 

RT 

0.19  0.54 

90  . 

0 

7  .93 

735 

0  . 

02 

0  .  35 

6  . 

7  6 

3 

1 .  6 

W3 

LT-TH-RT 

0.77  0.11 

90  . 

0 

29  .  56 

353 

6  . 

97 

0  .85 

31  . 

06 

D 

5.3 

X3 

LT 

0.14  0.29 

90. 

0 

18  .  01 

844 

0. 

01 

1 .00 

18  . 

02 

C 

2  .  0 

x\"3 

TH-RT 

0.80  0.29 

90. 

0 

22  .  51 

428 

7  . 

26 

0  .  35 

25. 

31 

D 

6  . 1 

S3 

LT 

0.16  0.17 

90  . 

0 

24  .  42 

251 

0  . 

03 

1 .00 

24  . 

44 

C 

0  .  9 

S3 

TH 

0.98  0.17 

90  . 

0 

23  .  40 

265 

37  . 

81 

0.85 

56  , 

23 

6  .  8 

S3 

RT 

0.33  0.39 

90  . 

0 

14  .  66 

560 

0  . 

13 

0.85 

12  . 

58 

3 

2  .  8 

DIR 

Delay  LOS 

S3 

23.95  C 

W3 

31.06  D 

N3 

23.46  C 

S3 

36.93  D 

INT 

SRS5CTI0N 

DELAY  -   2  3 

.  0^ 

NTERSSCTI 

ON  LOS 

=D 

THE 

CYCLE  LENGTH  WITHIN 

THE 

30UNDS  OF 

90 

TO 

90 

SECONDS 

1 

WHICH  MINIMI Z 

SS   CRITICAL  MOV 

EMENT  DELAY  IS 

0 

.0 

SECONDS 

FOR 

A  V/C  RATIO  OF  .95 

THE 

CYCLE  SHOULD  3E 

61 

.  6 

SECONDS 

for 

chosen  cycle  length 

90 

0 

suggested  tim 

ing  phase 

1  is 

17.5  sees  green , 

3 

.0  sees 

ye 

OW  T 

red  clear 

suggested  tim 

ing  phase 

2  is 

24.3  sees  green , 

3 

.0  sees 

ye 

^  0. 

OW  -r 

red  clear 

suggested  timing  phase 

3  is 

20.4  sees  green , 

3 

.0  sees 

ye 

OW  -r 

red  clear 

suggested  tim 

ing  phase 

4  is 

9.2  sees  green. 

3 

.0  sees 

ye 

OW  -1- 

red  clear 

suggested  timing  phase 

5  is 

0.0  sees  green. 

6 

. 0  sees 

ye 

OW  -r 

red  clear  i 

1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ARCA^D/ FRENCH 

199>  BUILD  CONDITIONS 

date : 10-29-1992  time : 09 : 42 : 58 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

V0LUME=FREN3V0L       GE0METRICS=FREN3GE0  SIGNAL=?REN3SIG 
LOCATED  IN  CBD:Y 
VOLUME  &  GEOMETRICS 

VOLUMES  #  OF  LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

E3 

476 

84 

138 

0 

2 

1 

0  .  0 

12  .  0 

12.0 

0 

W3 

75 

118 

59 

0 

2 

0 

0  .  0 

12  .  0 

0  .  0 

0 

N3 

108 

269 

64 

2 

0 

12.0 

14.0 

0.0 

0 

S3 

40 

252 

180 

± 

1 

1 

12  .  0 

12  .  0 

14  .  0 

0 

TRAFFIC   Sc   ROADWAY  CONDITIONS 


ADJ 

PARK 

PEDES 

TRIANS 

ARR 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

3UScS 

?Hr 

CROSS 

BUI  Mi: 

i  TIMS 

—  y  p  T 

E3 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900 

0 

Y 

1  .  0 

3 

W3 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900 

0 

y 

1.0 

3 

N3 

0  .  0% 

4  .  0% 

0 

0 

.  900 

0 

Y 

S3 

0-0% 

4  .  0% 

N 

0 

0 

.  900 

0 

Y 

1.0 

3 

PHASINGS 


EAST30UND 

WEST30UND 

NORTHBOUND 

SOUT 

>I30UND 

3-RSEN 

Y^R  PRE 

1     -     r  p 

1     ~     r  p 

1     -     r  p 

r  p 

1. 

*  * 

* 

15.0 

3  A 

2 

* 

*           *  X 

26.0 

3  A 

3 

*     M  * 

» 

20  .  0 

3  A 

4 

*     «  * 

10.  0 

3  A 

5 

* 

* 

X 

1 .  0 

5  A 

CYCLE=  90.0 


VOLUME  ADJUSTMZNT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

?HF 

LTFR 

thfr 

RTJR 

E3 

476 

84 

138 

.  900 

529 

93 

153 

W3 

7  5 

113 

59 

.900 

83 

131 

66 

NB 

108 

269 

64 

.900 

120 

299 

71 

SB 

40 

252 

130 

.  900 

44 

280 

200 

PART 

2 

(LANS  GROUP  ADJ 

USTM5NTS) 

DIR 

LN 

GROUP 

FLOW  N 

LU 

V 

Pit 

Prt 

EB 

LT- 

TH 

2 

X 

.05 

653 

0 

.  35 

0 

.00 

EB 

RT 

153il 

1 

.  00 

153 

0 

.00 

X 

.00 

WB 

LT- 

th-rt 

'  280:2 

X. 

.05 

294 

0 

.30 

0 

.23 

N3 

LT 

120  2 

X 

.05 

126 

1 

.00 

0 

.  00 

NB 

th- 

RT  1 

370  1 

.00 

370 

0 

.00 

0 

.  19 

S3 

LT 

44  1 

-L 

.  00 

44 

X 

.  00 

0 

.  00 

SB 

TH 

\ 

280  1 

X 

.  00 

280 

0 

.00 

0 

.  00 

SB 

RT 

\  200  1 

1 

.  00 

200 

0 

.  00 

1 

.  00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOSING  LSF 

T  TURN 

# 

LANS 

S 

•  m 
ij  i. 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOUND 

83 

131 

66 

0 

0 

0 

0 

2 

0 

0 

WESTBOU-ND 

529 

93 

153 

0 

0 

0 

0 

2 

1 

0 

NORTHBOUND 

44 

280 

200 

0 

0 

0 

X 

X 

0 

SOUTHBOUND 

120 

299 

71 

0 

0 

0 

2 

1 

0 

0 

ATURATION   FLOW  ADJUSTMENT  WORKSHEET 


uIR 

GROUP 

J.DEAL 

N 

f  wxd 

w 

f  nv 

Fgr 

Fpar  k 

r  bus 

Farea 

Fr  t 

Fit 

s 

SO 

LiT- 

Tn 

'  a  A  n 

1 

AAA 
.  000 

0  . 

Q  O  A 

^oO 

1 

AAA 
•  OOO 

AAA 
X  .  000 

1 

/^ 

•  000 

A 
O  . 

O  A  A 
300 

1 

AAA 

•  000 

1 

AAA 

.000 

3x76 

£0 

X  1 

1 

1 

AAA 
.  000 

A 

0  . 

O  O  A 
5O0 

X 

AAA 
.  OOO 

«  AAA 
X  .  000 

X 

.  000 

A 

o . 

Q  A  A 
^OO 

0 

OCA 

.  o DO 

X 

AAA 

.000 

i330 

Wo 

T  "T» 

LT- 

Tn-RT 

-  O  A  A 

1 

AAA 

.  000 

0  . 

Q  O  A 
5O0 

1 

AAA 
.  000 

*  AAA 

X  .  000 

1 

A 

.000 

A 

0  . 

Q  A  A 
300 

1 

A 

.  000 

X 

.  000 

3176 

no 

T  T 

L 1 

X  o  UU 

1 

AAA 

.  000 

A 

0  . 

O  Q  A 
7  O  0 

i 

AAA 
.  OOO 

AAA 
X  .  000 

X 

AAA 

•  000 

A 
O  . 

Q  A  A 
500 

1 

AAA 

.  000 

0 

.  920 

2922 

no 

In 

RT 

■*  Q  A  A 

X  oOO 

1 

1 

ACT 

.  Ob  / 

A 

0  . 

Q  Q  A 

^oO 

1 

AAA 
.000 

*  AAA 
X  .  000 

1 

AAA 

.  000 

A 

0  . 

O  A  A 
5  O  0 

0 

.87  4 

.  000 

1481 

oo 

»  rn 
U  i 

*  a  A  A 

X 

X 

AAA 
.  000 

A 

0  . 

O  O  A 
7O0 

1 

AAA 
-000 

AAA 
X  .  000 

1 

AAA 

.  000 

A 

a  r.  A 

X 

.000 

0 

.  950 

1509 

d  o 

1  n 

•"  Q  A  A 

X 

AAA 
-  000 

A 

Q  13  A 
7  O  U 

1 

AAA 
.000 

AAA 
_  .  000 

1 

AAA 

.  000 

0  . 

900 

1 

AAA 

.  000 

.  000 

^  d88 

S3 

RT 

1800 

X 

.067 

0. 

980 

1 

.000 

1 .  000 

X 

.000 

0  . 

900 

0 

.  850 

.  000 

1440 

CAPACITY  ANALYSIS  WORKSHEET 


DIR 

LN  GSOIJ"? 

LJ  i1      w  Xx      \J  C 

Y 

s 

V  /  3 

g/C 

c 

\3  1 
V  /  ^, 

TTT 

ix  X  1  X 

TAT. 

Li  X  in 

653 

3176 

v/  .  ^  X 

0 

.  22 

706 

.  —  o 

* 

153 

1350 

0 

.  54 

735 

m  O 

Li  X     in    Iv  1 

294 

3176 

0  HQ 

0 

.  X  J. 

353 

n  s 

i>i  o 

'  T  ; 

/ 

126 

2922 

n  OA 

0 

.29 

344 

X  n    In.  1 

370 

1481 

0 

.  29 

423 

U  .  o  o 

d  o 

T  T 

U  1 

44 

1509 

u .  u  o 

0 

.  17 

251 

n  'A 

TV 

280 

1583 

A  '3 

0 

.  17 

265 

^  .  u  6 

d  o 

3  T 

200 

1440 

A  '.A 

0 

.  39 

560 

CYC 

LE=  90.0 

LOST= 

=  18.0 

SUM 

V/3  CRIT= 

0.72 

TOTAL 

v/c= 

0  .  91 

*  7V 
uCt  « 

ICE  WORKSH 

"^r  T* 

v/c 

g/C 

c 

dl 

ije  X  ay 

o  Avg 

SiO 

*  T*  —  V 

ij  1  in 

0.93 

0  .  22 

0 

26. 

05 

7  O 

X  J  .  X  u 

n   a  ^ 

"5  -3 
J  J  . 

— 

T 
A  1 

0.21 

0 .  54 

Qn 

0 

3  . 

01 

/  ->  0 

n   ^  -1 

b  . 

0  <^ 

/ 

W3 

LT-TH-RT 

0  .  83 

0.11 

90  . 

0 

29. 

78 

353 

10  .71 

0  .  85 

34  . 

42 

D 

6  . 

2 

N3 

LT 

0  . 15 

0  .  29 

90  . 

0 

18. 

07 

844 

0.01 

1 .  00 

18  . 

08 

C 

2. 

N3 

TH-RT 

0  .  86 

0  .  29 

90  . 

0 

23. 

06 

428 

11.63 

0.85 

29. 

48 

D 

6  . 

6 

S3 

LT 

0  .  18 

0.17 

90. 

0 

24. 

47 

251 

0.04 

1.00 

24. 

51 

C 

0. 

9 

S3 

TH 

1  .  06 

0  .  17 

90  . 

0 

28  . 

83 

265 

51 .  39 

0  .85 

76  . 

69 

3  . 

9 

S3 

RT 

0  .  36 

0  .  39 

90  . 

0 

14. 

83 

560 

0  . 17 

0  .85 

1 2 . 

7  6 

3 

3  . 

DIR 

Delay  LOS 

Z3 

28.25  D 

W3 

34.42  D 

N3 

26.59  D 

S3 

47.39  S 

i:^T 

ER SECTION 

DELAY  *  33 

.  57  ^ 

I^' 

TSRS 

ECTI 

ON  LOS 

=D 

95% 


1 


I 


THE  CYCLE  LENGTH  WITHIN  THE  30UNDS  OF  90  TO  90  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS        0.0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  3E  7  5.8  SECONDS 
for  chosen  cycle  length  90.0 
suggested  timing  phase  1  is 
suggested  timing  phase  2  is 
suggested  timing  phase  3  is 
suggested  timing  phase  4  is 
suggested  timing  phase  5  is 


17.5  sees  green , 

24.8  sees  green, 

20.4  sees  green, 

9.2  sees  green, 

0.0  sees  green, 


3.0  sees  yellow 

3.0  sees  yellow 

3.0  sees  yellow 

3.0  sees  yellow 

6.0  sees  yellow 


■ea  c^ear 
•ed  clear 
•ed  clear 
■ed  clear 
■ed  clear 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ARCAND/ FRENCH 

1996  BUILD  CONDITIONS 

date:  10-29-1992  t  inie  :  09  :  47  :  01 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

V0LUME=FREN3V0L       GE0METRICS=FREN3G£0  SIGNAL=FREN3SIG 
LOCATED   IN  CBD:Y 
VOLUME  &  GSOMETRICS 


VOLUMES  #  OF  LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TK 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

E3 

483 

36 

141 

0 

2 

X 

0  .  0 

12.0 

12.0 

0 

W3 

77 

121 

60 

0 

2 

0 

0  .  0 

12.0 

0  .  0 

0 

N3 

111 

276 

66 

2 

0 

12.0 

14.0 

0.0 

0 

S3 

41 

258 

184 

1 

1 

1 

12.0 

12  .  0 

14  .  0 

0 

TRAFFIC   &  ROADWAY  CCNDITIO^ 


ADJ 

PARK 

DIR 

GRADE 

%HV 

Y/N 

MOVES 

E3 

0  .  0% 

4.0% 

N 

0 

W3 

0  .  0% 

4  .  0% 

X 

0 

N3 

0  .  0% 

4.0% 

N 

0 

S3 

0  .  0% 

4  .  0% 

N 

0 

PEDESTRIANS  ARR 


SES 

PHF 

CROSS 

BUT  mi: 

i  TIMS 

TY 

0 

.  900 

0 

Y 

1  .  0 

3 

0 

.  900 

Y 

1 .  0 

3 

0 

.  900 

0 

Y 

1  .  0 

3 

0 

.  900 

0 

Y 

1  .  0 

3 

PHASINGS 


EAS 

T30UND 

WESTBOUND 

NORTHBOUND 

SOUTHBOUND 

GREEN 

Y-R 

PRE 

-     r  p 

1     t     r  p 

1     c     r  p 

1      Z      r  p 

J. 

*         It  it 

15.0 

3 

A 

2 

* 

*     *  * 

26  .  0 

3 

A 

3 

* 

* 

20.0 

3 

A 

4 

*     *  * 

10.  0 

3 

A 

5 

* 

* 

* 

* 

1  .  0 

6 

A 

CYCLE=  90.0 


VOLUME   ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV 

THV 

RTV 

PHF 

LTFR 

THFR 

RTFR 

E3 

483 

36 

141 

.900 

542 

96 

157 

W3 

77 

121 

50 

.900 

86 

134 

67 

N3 

111 

276 

66 

.900 

123 

307 

73 

SB 

41 

258 

184 

.900 

46 

287 

204 

PART  2    {LANE  GROUP  ADJUSTMENTS) 


DIR 

LN 

GROUP 

FLOW 

N 

LU 

V 

p 

X  L 

p 

IT  Z, 

E3 

LT- 

Ti  ~~ 

638 

2 

1 

.05 

670 

0  . 

85 

0  . 

00 

E3 

RT 

157 

J. 

1 

.00 

157 

0  . 

00 

00 

W3 

LT- 

TH-RT 

287 

2 

1 

.05 

301 

0  . 

30 

0  . 

23 

N3 

LT 

123 

2 

X 

.  05 

130 

00 

0. 

00 

NB 

TH- 

RT 

380 

.00 

380 

0  . 

00 

0  . 

19 

S3 

LT 

46 

1 

.  00 

46 

X  . 

00 

0. 

00 

S3 

TH 

287 

X 

X 

.00 

287 

0  . 

00 

0  . 

00 

S3 

RT 

204 

X 

X 

.  00 

204 

0  . 

00 

00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 


BEING  OPPOSED 

VOLUMES 

%  OPPOS 

ING  LE 

FT  TURN 

# 

LANE 

S 

OPPOS  IN( 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOU^ND 

86 

134 

67 

0 

0 

0 

0 

2 

0 

0 

WESTBOUND 

542 

96 

157 

0 

0 

0 

0 

2 

0 

NORTHBOU-ND 

46 

287 

204 

0 

0 

0 

1 

X 

0 

SOUTKBOU'ND 

123 

307 

73 

0 

0 

0 

2 

0 

0 

♦ 


SATURATION   FLOW   ADJUSTMENT  WORKSHEET 


r\  T  o 

<jKUO  r 

xUCjAu 

Fwid 

r  nv 

Fgx 

F  par  k 

Fbus 

Far  ea 

Fr  t 

Fit 

s 

as 

Li  1 

1  n 

1 

X 

AAA 

A 
U  . 

Q  9  A 
^  O  0 

i 

AAA 

1  AAA 
X  .  OUU 

X 

AAA 

.  000 

0  .  900 

X 

.  000 

1 

.  000 

317  6 

A  r 

■"  Q  n  A 

X 

AAA 

.  000 

A 
0  . 

Q  O  A 
500 

1 

AAA 

.  000 

-  AAA 

1.000 

X 

^  ^  ^ 

.  000 

0  .  900 

0 

.  850 

1 

.  000 

1350 

N  o 

rpu  _  o  rp 

1  n  K 1 

1  Q  A  A 
1  O  U  U 

X 

AAA 

A 

<J  . 

O  9  A 

7  0  vJ 

1 

AAA 

1  AAA 

X  .  ouu 

1 

o  A 

•  000 

0  .  900 

X 

.  000 

1 

.  000 

3176 

va 

T  T 

■*  Q  A  A 
X  O  U  U 

X 

AAA 

A 

U  . 

O  9  A 
7  O  0 

X 

AAA 
.  UUO 

'  AAA 
X  .  000 

1 

i'\  r\  /\ 

.  uOO 

0.900 

- 

.000 

0 

.  920 

2922 

va 
n  o 

■T*  V  — 

in 

a  T* 

1  Q  A  A 
1  O  U  U 

X 

X 

.  (Jo  / 

A 

0  . 

Q  9  A 
y  O  U 

AAA 

-  AAA 

X  .  000 

X 

r\  r\ 

.  000 

0.900 

0 

,  874 

1 

.  000 

1431 

c  a 

Li  i 

*  Q  A  A 
^  O  U  U 

X 

1 

AAA 

A 

O  . 

O  9  A 
^  O  0 

X 

AAA 

1  AAA 
X  .  00  0 

AAA 

.  000 

0  .  900 

.  000 

0 

-  950 

1509 

<5  a 

o  O 

rn  * - 

*  Q  n  A 
X  O  U  U 

AAA 
.  U  U  U 

A 

<5  9  A 

X 

AAA 
.  U  U  U 

T  AAA 
1  .  UOO 

1 
1 

AAA 

•  UOO 

A      Q  A  A 

0 .  yoo 

.000 

.000 

1538 

S3 

RT 

1800 

X 

1 

.  067 

0. 

980 

X 

.000 

1.000 

X 

.000 

0  .  900 

0 

.  850 

1 

.000 

1440 

CAPACI 
DIR  LN 
Z3  LT 
S3 
W3 
N3 
N3 
S3 
S3 
S3 


RT 
LT 
LT 
TH 

-  rn 
^  X 

TH 
RT 


GROUP 
-TH 

-TH-R^ 


-RT 


'SIS 

WORKSHSST 

—  s 

v/s 

g/C 

c 

v/c 

CRITICAL 

670 

/3176 

0.21 

0.22 

706 

0.95 

* 

157 

11350 

0  .12 

0.  54 

735 

0  .  21 

301 

13176 

0.09 

0.11 

353 

0  .  35 

* 

130 

'2922 

0  .  04 

0  .  29 

844 

0.15 

380 

1481 

0.26 

0  .  29 

428 

0  .  89 

* 

46 

';L509 

0  .  03 

0. 17 

251 

0  . 18 

287 

|1588 
1440 

0  . 18 

0.17 

265 

1 .  08 

204 

0.14 

0  .  39 

560 

0  .  37 

CYCLZ=  90 


.0  ^05^  =1 


8.0      SUM  V/S  CRIT=   0.7  4  TOTAL  V/C=  0.9: 


LEV 

SL  OF  SSRV 

ICE 

WORK SHE 

ST 

DIR 

LN  GROUP 

v/c 

g/C 

/-• 

dl 

S3 

LT-TH 

0  .95 

0  .  22 

90  . 

0 

26. 

22 

S3 

RT 

0.21 

0  .  54 

90  . 

0 

8  . 

03 

W3 

LT-TH-RT 

0  .35 

0  .11 

90. 

0 

29  . 

35 

N3 

LT 

0  .15 

0.  29 

90. 

0 

13. 

10 

N3 

TH-RT 

0  .  89 

0  .  29 

90. 

0 

23. 

27 

S3 

LT 

0  .18 

0.17 

90. 

0 

24  . 

49 

S3 

TH 

1 .  08 

0  .  17 

90  . 

0 

23. 

93 

S3 

RT 

0  .  37 

0  .  39 

SO  . 

0 

14  . 

89 

c 

d2 

?F 

Delay  LOS 

Avg  Q 

706 

16.  20 

0  .  85 

36.05 

D 

12.5 

735 

0  .  02 

0  .35 

6.34 

3 

1 .  8 

353 

12.39 

0  .35 

35  .  90 

D 

6  .  4 

344 

0.01 

1 .  00 

18  .10 

\^ 

2  .  2 

428 

13.95 

0  .35 

31 .63 

D 

6  .  3 

251 

0  .  04 

1 .  00 

24  .  5j 

C 

0  .  9 

265 

71  .  40 

0  .  35 

35.33 

9  .  3 

560 

0.19 

0.35 

12.31 

3 

3  . 1 

DxR  Delay 
S3  30.52 
3  5.90 
28  . 19 
52  .  54 
ERSSCT 


W3 
X3 
S3 
IN 


LOS 
D 
D 
D 

ION  DELAY 


INTERSECTION  LOS=D 


THE  CYCLE  LENGTH  WITHIN  THi  30UNDS  0?     90  TO 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS  0 


90  SECONDS 
0  SECONDS 


FOR  A  V/C   RATIO  O?    .95  THE  CYCLE   SHOULD   3S      82.5  SECONDS 

for  cnosen  cycle  length  90.0 

suggested  timing  phase  1  is  17.5 

suggested  timing  phase  2  is  24.9 

suggested  timing  phase  3  is  20.4 

suggested  timing  pnase  4  is  9.2 

suggested  timing  phase  5  is  0.0 


sees  green, 

sees  green, 

sees  green, 

sees  green, 

sees  green. 


3.0  sees  yellow  -r 

3.0  sees  yellow  + 

3.0  sees  yellow  -r 

3-0  sees  yellow 

6.0  sees  yellow  -r 


rea  e^ear 
red  clear 
red  clear 
red  clear 
red  clear 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ARCAND/ FRENCH 

1999  BUILD  CONDITIONS 

date: 10-29-1992  t ime : 09 : 50 : 13 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

V0Li;ME  =  FREN3V0L       GE0METRICS  =  FRSX3GE0        SIGNAL=F  REN3SIG 
LOCATED   IN  C3D:Y 
VOLUME  &  GEOMETRIC S 


VOLUMES 

#  OF 

LANES 

JTn 

CROSS 

DIR 

LT 

TH 

RT 

LT  TH 

RT 

uT  Til 

RT 

WAijK 

S3 

525 

93  1 

52 

0 

2 

0.0  12.0 

12-0 

0 

WB 

83 

130 

65 

0 

2 

0 

0.0  12.0 

0  .  0 

0 

N3 

119 

297 

71 

2 

1 

0 

12.0  14.0 

0  .  0 

0 

S3 

44 

278  1 

99 

1 

-1 

12.0  12.0 

14.0 

0 

TRAFFIC  & 

ROADWAY  CONDITIONS 

ADJ 

PARK 

TRIANS 

ARR 

DIR 

%:-:v 

Y/N 

MOVES 

3US  ES 

?HF  CROSS 

3UT  MIN 

TIMS 

TYPE 

E3 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900  0 

Y 

1 .  0 

3 

W3 

0  .  0% 

4  .  0% 

N 

0 

0 

.  900  0 

Y 

1 .  0 

3 

N3 

0.0% 

4  .  0% 

N 

0 

0 

.900  0 

Y 

1 .  0 

3 

S3 

0  .  0% 

4  .  0% 

N 

0 

'^ 

.  900  0 

Y 

1  .  0 

3 

? HA SINGS 


EASTBCUND        WESTBOUND        NORTHBOUND      SOUTHBOUND  GREEN     Y^R   PRE/ ACT 


i     c     r  p 

u     r  p 

t  r 

P 

-  P 

n 

_  o . 

A 
IJ 

a 

A 

2  * 

* 

*  « 

26. 

0 

-3 

A 
A 

3     *      *  * 

* 

20  . 

{\ 
u 

-3 
J 

n. 

4 

10  . 

,-1 

-} 

A 

5  * 

* 

/: 
O 

A 

CYCLS=  90.0 

VOLUME  ADJUSTMENT  '^O'^T.Sr.ZZ 

PART   1  (MCVEME 

NT  ADJUSTMEN 

-Si 

DIR     LTV  THV 

RTV 

PHF 

uTFR 

THFR 

RTFR 

E3       525  93 

152 

.900 

583 

103 

169 

W3         83  130 

65 

.900 

92 

144 

72 

N3       119  297 

71 

.  900 

132 

330 

79 

S3         44  278 

199 

.900 

49 

309 

221 

PART  2    (LANE  G 

ROUP 

ADJUSTM 

ENTS) 

DIR  LN  GROUP 

FLOW 

N  LU 

V 

Pit 

Prt 

S3  LT-TH 

687 

2  1.05 

721 

0  -  85 

0  .  00 

E3  RT 

169 

1  1.00 

169 

0.00 

1 .  00 

WB  LT-TH-RT 

309 

2  1.05 

324 

0  .  30 

0  .23 

NB  LT 

132 

2  1.05 

139 

1.00 

0  .  00 

NB  TH-RT 

409 

1  1.00 

409 

0.00 

0  . 19 

SB  LT 

49 

1  1.00 

49 

1 .  00 

0  .  00 

S3  TH 

309 

1  1.00 

309 

0.00 

0  .  00 

S3  RT 

221 

1  1.00 

221 

0.00 

1 .  00 

PART   3  (OPPOSI 

NG  VOLUME  AD 

JUSTMENTS) 

LEFT  TURN 

OPPOSING  AP 

PROACH 

BEING  OPPOSED 

VOLUMES 

%  OPPOSING 

LEFT  TURN 

# 

LANS 

s 

OPPOSIN 

LT 

TH 

RT 

LT 

TH 

RT 

m 
J. 

TH 

RT 

VOLUME 

EAST30UND 

92 

144 

72 

0 

0 

0 

0 

2 

0 

0 

WEST30U"ND 

583 

103 

169 

0 

0 

0 

0 

2 

X 

0 

NORTHBOUND 

49 

309 

221 

0 

0 

0 

X 

0 

SOUTHBOUND 

132 

330 

79 

0 

0 

0 

2 

J. 

0 

0 

SATURATION   FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

Fpar/t 

Fbus 

Farea 

Frt 

E3 

LT 

-TH 

1800 

2 

± 

.000 

0 

.980 

1 

.000 

1.000 

X 

.000 

0  .  900 

.  000 

E3 

RT 

1800 

1 

1 

.000 

0 

.980 

1 

.000 

1.000 

X 

.000 

0.  900 

0 

.850 

W3 

LT 

-TH-RT 

1300 

2 

1 

.000 

0 

.930 

X 

.000 

1.000 

X 

.  000 

0  .  900 

1 

.000 

N3 

LT 

1800 

2 

X 

.000 

0 

.  980 

1 

.000 

1.000 

1 

.  000 

0  .  900 

1 

.000 

N3 

TH 

-RT 

1300 

1 

.  067 

0 

.  980 

1 

.000 

1.000 

1 

.000 

0  .  900 

0 

.  874 

S3 

LT 

1300 

1 

X 

.  000 

0 

.980 

1 

.000 

1 .000 

1 

.  000 

0  .  900 

1 

.000 

S3 

TH 

1800 

1 

.  000 

0 

.  980 

X 

.  000 

1 .000 

.000 

0  .  900 

X 

.000 

S3 

RT 

1300 

X 

1 

.  067 

0 

.  980 

1 

.  000 

1 .000 

X 

.  000 

0  .  900 

0 

.850 

CAPACITY  ANALYSIS  WCRKSH2ST 


DIR 

LN 

GROUP 

s 

v/s 

E3 

LT- 

TH 

3176 

0 

.  23 

33 

RT 

/L69 

,'3  24 

(.350 

0 

.  13 

W3 

LT- 

TH-RT 

317  6 

0 

.  10 

N3 

LT 

139 

2922 

0 

.05 

N3 

TH- 

RT 

409  i 

1481 

0 

.  28 

S3 

LT 

49  1 

1509 

0 

.03 

S3 

TH 

309  .' 

1588 

0 

.19 

S3 

RT 

221  ;' 

1440 

0 

.  1 5 

CYCLE=   90.0     LOST=18.0  SUM 


g/C 

c 

v/c 

CRITICAL 

0  .  22 

706 

1.0  2 

X 

0  .  54 

735 

0.23 

0. 11 

353 

0  .  92 

0.29 

844 

0.16 

0  .  29 

423 

0  .  96 

* 

0  . 17 

251 

0.19 

0.17 

265 

1 . 17 

X 

0.  39 

560 

0.39 

V/S 

CRIT= 

0  .  30 

TOTAL  V/C 

LEVEL   O?   SERVICE  WORKSHEET 


DIR 

LN 

GROUP 

v/c 

g/C 

C 

dl 

c 

d2 

?F 

S3 

LT- 

TH 

1 .  02 

0  .  22 

90  . 

0 

26. 

/  5 

706 

31 .  60 

0. 

35 

E3 

RT 

0  .  23 

0  .  54 

90  . 

0 

8  . 

X  ^ 

7  35 

0  .03 

0  . 

35 

W3 

LT- 

TH-RT 

0.92 

0.11 

90  . 

0 

30. 

10 

353 

20.24 

0. 

35 

N3 

LT 

0.16 

0  .  29 

90  . 

0 

18. 

16 

844 

0.01 

00 

N3 

TH- 

RT 

0.96 

0  .  29 

90  . 

0 

23. 

89 

428 

23  .74 

0  . 

35 

S3 

-  .-rn 
u  ^ 

0.19 

0  . 17 

90  . 

0 

24. 

55 

251 

0.  05 

X  . 

00 

S3 

TH 

1.17 

0  .17 

90  . 

0 

29  . 

48 

265 

113.21 

0. 

85 

S3 

RT 

0  .  39 

0.  39 

90  . 

0 

1 5  . 

09 

560 

0.25 

0  . 

85 

Delay  LOS 
4  9.61 
6  .  92 
42  .79 
18  . 17 
40  .  48 
24  .  60 
121 . 29 
13  .  04 


DIR 

De 

lay 

LOS 

33 

41 

.  51 

E 

W3 

42 

.  79 

E 

N3 

3  4 

.  83 

D 

S3 

.78 

•4 

INTERSECTION   DELAY  =»   47  . 61   INTERSECTION  LCS  =  E 

THE  CYCLE  LENGTH  WITHIN  THE  BOUNDS  OF  90  TO  90  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS        0.0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  3S  113.8  SECONDS 
for  chosen  cycle  length  90.0 
suggested  timing  phase  1  is 
suggested  timing  phase  2  is 
suggested  timing  phase  3  is 
suggested  timing  phase  4  is 
suggested  timing  phase   5  is 


17.5  sees  green,  3.0 

24.9  sees  green,  3.0 

20.4  sees  green,  3.0 

9.2  sees  green,  3.0 

0.0  sees  green,  6.0 


sees  yexxow 

sees  yellow 

sees  yellow 

sees  yellow 

sees  yellow 


1985  HCM  -  CHAPTER  9:    SIGNALIZED   -  OPERATIONAL  ANALYSIS 

ARCAND/ FRENCH 

1992  N0-3UILD  CONDITION 

date: 10-29-1992  time : 08 : 39 : 31 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=f renvoi         G20METRICS=irengeo         SIGNAL=f rensig 
LOCATED   IN  CaD:Y 
VOL'JME  &  GEOMETRICS 
VOLUMES 


4  Or  LANES 


LANS  WIDTH 


CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

E3 

442 

78 

128 

1 

12.0 

12  .  0 

12.0 

0 

WB 

70 

110 

54 

0 

2 

0.0 

12.0 

G.O 

0 

N3 

100 

250 

59 

i. 

2 

0 

12  .  0 

12.0 

0  .  0 

0 

S3 

37 

234 

167 

0 

2 

0  .  0 

12.0 

1 2  .  G 

0 

TRAFF 


&  ROADWAY  CONDITIONS 


ADJ  PARK 

?  iiDcSTR- 

ANS 

ARR 

DIR  GRADE 

%HV 

Y/N  MOVES 

3  o  S  ES 

PHF 

CROSS 

3UT 

MIN  TIME 

TYPE 

E3  0.0% 

4  .  0% 

N  0 

0 

.  900 

5 

Y 

7  .  0 

3 

W3     0 . 0% 

4.0% 

N  0 

0 

.  900 

5 

Y 

7  .  0 

J) 

N3  0.0% 

4  .  0% 

N  0 

0 

.  900 

V 

7  .  0 

3 

S3  0.0% 

4.0% 

N  0 

.  900 

5 

Y 

7  .  0 

3 

?:-:a  SINGS 

EAST3C 

uN.j 

WES IBGUND 

NCR 

t:-:5Cun 

D  SOU 

OuND  GxZE 

N 

Y-R 

~  P 

-      t     r  p 

P  - 

-  P 

^      «  « 

X 

X          *  A 

13  . 

0 

3 

2 

s 

*  X 

J.  . 

0 

3 

ir 

X  X 

X 

X 

*           18 . 

0 

3 

CYCLE=  47 

.  0 

VCLLME  AD J 

USTME 

NT  "WCRKSHZE 

PART   1  (MCVSMEN 

T  ADJUSIMEN 

T5  ' 

DIR  LTV 

THV 

RTV  ?H? 

LTFx 

THJR  R 

TFR 

23  442 

78 

128  .900 

4  91 

87 

142 

W3          7  0 

110 

54  .900 

~3 

122 

60 

N3  100 

250 

59  .900 

278 

6  6 

S3  37 

23<= 

167  .900 

260 

186 

PART  2 


J  an; 


?  ADJUSTMENTS) 


DIR 

LN 

GROUP 

N 

LU 

V 

X  U 

Pre 

E3 

LT 

/  4911 

X 

X 

.  00 

4  91 

00 

0  .  00 

S3 

TH 

/  87 

X 

.  00 

37 

0  . 

00 

0  .  00 

E3 

RT 

142 

X 

.  00 

142 

0. 

00 

1 .  00 

W3 

*  ^  _ 

TH-RT 

260 

2 

.  05 

27  3 

0  . 

30 

0.23 

N3 

ij  T 

—  j.  i 

.00 

00 

0  .  00 

N3 

TH- 

RT 

343 

\    30 1 

2 

.  05 

360 

0  . 

00 

0. 19 

S3 

LT- 

2 

.05 

316 

0  . 

14 

0  .  00 

S3 

RT 

\  136, 

X 

.00 

186 

0  . 

00 

1 .  00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS 


LEFT  TURN 
3SING  OPPOSED 

EAST50UND 
WSST30UND 
NORTHBOUND 
SOUTHBOUND 


OPPOSING  APPROACH 


VOLUMES 


%  OPPOSING  LEF^ 


#  LANES 


OPPOSING 


LT 

TH 

RT 

ij'x' 

TH 

RT 

LT 

RT 

VCLUMi 

78 

122 

60 

100 

100 

100 

0 

2 

0 

260 

491 

87 

142 

100 

100 

0 

J. 

87 

41 

260 

186 

100 

100 

0 

0 

2 

X 

301 

XXX 

273 

66 

64 

64 

64 

2 

0 

221 

LN 

GROUP 

IDcAL 

Fli  V 

Far 

Fpsrx 

^  ^  u  o 

f  area 

c  ^  u 

33 

LT 

1800 

.  000 

0 

.  980 

.  000 

1 .  000 

- 

.  000 

0  . 

900 

000 

w 

7  >i9 

£3 

TH 

1800 

.  000 

0 

.  980 

1 

.  000 

1 . 000 

.  000 

0  . 

900 

1 

000 

•  www 

Qon 

•  www 

^  -J  o  o 

E3 

RT 

1800 

- 

.  000 

0 

.  980 

.  000 

1 .  000 

- 

.  000 

0  . 

900 

0 

•  O  w 

- 

000 

•  www 

^  ^  ^  w 

W3 

LT- 

TH-RT 

1800 

2 

.  000 

0 

.  980 

.  000 

1.000 

- 

.  000 

0  . 

900 

000 

•  www 

•   V  W 

^  «  /  w 

N3 

LT 

1800 

- 

.  000 

0 

.  980 

.  000 

1.000 

- 

.000 

0  . 

900 

000 

.www 

9  50 

N3 

TH- 

RT 

1300 

2 

- 

.  000 

0 

.980 

- 

.  000 

1 .  000 

- 

.000 

0  . 

900 

- 

.000 

COO 

•  WWW 

\'  1  ^ 

S3 

LT- 

TH 

1800 

- 

.  000 

0 

.980 

- 

.  000 

1.000 

- 

.000 

0  . 

900 

QOG 

•  WWW 

0 

w 

^  ^  M 

m     J    y  \i 

\'.  ~J  Ci 

S3 

RT 

1800 

.  000 

0 

.  980 

.  000 

1 .  000 

.  000 

0  . 

900 

0 

.3  50 

.000 

1550 

3'J??L£M2NTAli   WORKSHEET   FOR   ISFT-TURx^  ADJUSTMENT   FACTOR  FLT 
INPUT  VARIABLES 

DIR  C  G  N  Va  Vm  VI  r  Pit  No  Vo  PI  to 
£3  47  13  -  491  229  491  1.00  2  260  0.30 
>i3  47  13  2  260  260  78  0.30  1  87  0.00 
S3  47  18  2  301  487  41  0.14  2  221  0.00 
LATIONS 

DIR   Sop         Yo  Gu         ?s  ?1  Gq         ?z  G~  El  Fm  Fit. 

E3  3102  0.084  9.889  0.713  1.000  3.111  0.000  0.000  1.579  0.789  0.789 
W3  1800  0.048  11.230  0.321  0.532  1.720  0.418  0.758  1.371  1.000  1.000 
S3   3600   0.061   15._06  0.737   0.237     1.894  0.713     1.36j     1.526   0.996  3.99o 


CAP 

AciTY  a:;ai 

YSI3 

WORKS 

DIR 

jjN  GRO.J? 

V 

s 

V/  3 

g/C  c 

V/  c 

CR- 

_  _  v_  A_j 

£3 

*  Tl 
—1  X 

'491^ 

1254 

0.39 

0.23  347 

1 .  42 

* 

E3 

/    37  \ 

1533 

0  .05 

0.28  4j9 

0  .  <i  3 

£3 

RT 

I  -42 

1350 

0.11 

0.28  373 

■J  .  J  8 

W'3 

LT-TH-RI 

'  27  3 

3176 

0.09 

0.28  379 

i*>   ~ ' 

N3 

LT  ' 

1509 

0  .03 

0.21  767 

:  .14 

N3 

TH-RT 

360 

3176 

0.11 

0.60  1392 

0  .  19 

33 

LT-TH  1 

317  0 

0.10 

0.38  1214 

0  .  26 

S3 

\  -^^ 

1350 

0  .  14 

3.38  517 

3.36 

* 

CYCLE=  47.0 

LGST  = 

=  6.0 

SUM 

V/3  CRIT= 

3.56 

_  W  _  -T. 

L  V/C  = 

.  64 

FOR 

THE  NORTH 

SOUND  PROT 

ECTiD 

/PERiMISSIV 

— .     -ri-  - 

RN  _.AN 

-1.          -~.  i          A  -  .-i.  V  

RA 

TIOS  HAVE 

Aij_i   BiiN  AD<jwST 

ED  TO  REEL 

ECT  A 

CA? 

ACHY 

FOR 

5  LEFT  TUR 

.\  3   ON  TH^ 

C  ."AN  G 

E  INTERVAL 

ON  TH 

E  PERMISSIVE 

_  _  1 


V  / 


LEV 

EL  OF  SERV 

WCRK3- 

-  EET 

DIR 

LN  GROUP 

V  /  c 

g/C 

dl 

E3 

LT 

.  42 

0.23 

47 

.  0 

36 

£3 

.  ^  3 

3  .  28 

47 

9  . 

39 

E3 

RT 

0 

.33 

0.28 

47 

.  0 

10  . 

45 

W3 

LT-TH-RT 

0 

.  3 1 

0  .  28 

47 

.  0 

10  . 

23 

N3 

-  m 

•J 

0  .  60 

47 

•  <^ 

3. 

1 9 

N3 

TH-RT 

0 

.  _  3 

0  .  60 

47 

.  0 

3  . 

S3 

LT-TH 

0 

.  26 

0  .  38 

47 

.0 

7  . 

55 

S3 

RT 

0 

.  36 

0  .  38 

47 

.  0 

7  . 

88 

c 

d2 

p 

_/elay  LO 

S  Av 

g  Q 

347 

313.72 

.00 

329 . 09 

7  .  2 

439 

0.03 

.  30 

9  .  92 

3 

3  .  8 

373 

0  .  33 

.00 

10.7' 

3 

_  . 

3'  9 

0.07 

.  3  0 

10.29 

3 

2  .  5 

7  67 

0  .01 

.00 

J  .  ^  u 

A 

1392 

0  .  01 

.  00 

3  .  30 

1 .  3 

1214 

0  .  03 

.  00 

7  .  58 

3 

2  .  - 

517 

0.19 

.  00 

8  .  07 

3 

1 .  5 

DIR  Delay  LOS 
E3   227.79  F 


W3 

N3 
S3 


10  .  29 


28 
76 


3 
A 
3 


37 . 60/ INTERSECTION  LOS=J 


INTERSECTION  DELAY 


THE   CYCLE   LENGTH  WITHIN  THE  30UNDS  OF  50 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS 


TO      120  SECONDS 
50.0  SECONDS 


FOR  A  V/'C  RATIO  OF    .95  THE  CYCLE   SHOULD  3E      14.6  SECONDS 
for  chosen  cycle  length  65.0 

suggested  tiding  phase  1  is  25.5  sees  green,  3.0  sees  ye^-low  -  red  cle^r 
suggested  timing  pnase  2  is  2.0  sees  green,  0.0  sees  yellow  ^  rec  clear 
suggested  ti.T.ing  pnase  3   is       3.9   sees  green,        3.0   sees  yellow  -  rec  clear 


1985   HCM  -  CHAPTER   9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 
ARC AND /FRENCH 
19Sa5^'0-3uILD  CONDITION 

date : 10-29-1992  time : 03 : 47 : 00 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

VOLoME=f renvoi         GEOMETRICS=f rengeo         SIGNAL=f rensig 
LOCATED   IN  CaD:Y 
VOLUME   i  GEOMETRICS 


VOLUMES 

#  OF 

LANES 

LANE  WIDTH 

CROSS 

DIR 

u  J.         X  n 

RT         LT  TH 

RT 

LT        TH  kZ 

WALK 

E3 

476        34  1 

38  11 

12.0   12.0  12.0 

0 

W3 

7  5  113 

59           0  2 

0 

0.0   12.0  O.G 

0 

N3 

108  269 

64            1  2 

0 

12.0   12.0  0.0 

0 

S3 

40     252  1 

80           0  2 

J. 

0.0  12.0  :.2.o 

0 

TRAF 

FIG   Sc   aOADWAY  CONDITIONS 

ADJ  ?AR.\ 

PEDESTRIANS 

A  A 

DIR 

GRADE  %:-:v 

Y/N  MOVES 

3U  3  E  3 

?:-:?  CROSS  3ut  min 

time 

Y? 

E3 

0.0%  4.0% 

."i  0 

0 

. 900          5  Y 

7  .  0 

3 

W3 

0.0%  4.0% 

N  0 

0 

.900          5  Y 

7  .  3 

N3 

0.0%  4.0% 

N  0 

0 

.  r  0  0          5  Y 

7  .  0 

S3 

0.0%  4.0% 

N  0 

0 

.900          5  Y 

7  .  0 

3 

?HAS 

INGS 

EAST30UND 

WEST30UND 

NORT 

liSCUND  S0UTH30U~ND 

JREE 

N 

Y 

1     -     r  p 

1     -     r  p 

J.  t 

r     p     1     t     r  p 

«            K  * 

X           *  » 

13  . 

0 

2 

X  X 

X 

1 0  . 

u 

-\ 

*  X 

X  XXX 

18  . 

0 

CYCL 

Z=     4  7.0 

VOLUME  ADJUSTME 

NT  WCRJ.S'-iEE 

PART   1    ^MOVEMENT  ADJUSTMENTS/ 


DIR 

LTV 

RTV 

LTFx 

THFR 

R 

TFR 

E3 

476 

84 

138 

900 

529 

93 

153 

W3 

7  5 

118 

59 

900 

3  3 

^ 

66 

N3 

108 

269 

64 

900 

120 

299 

71 

S3 

40 

252 

180 

900 

44 

280 

200 

PART 

^    ••  - 

ANE 

GROUP 

ADJU3TM 

ENTS) 

DIR 

LN  GxOU? 

FLOW 

N 

—1  <_> 

V 

^  _  t 

•'r  t 

E3 

LT 

529 

1 .00 

529 

0 

.  00 

E3 

TH 

93 

1  -  00 

93 

0.00 

0 

.  00 

E3 

RT 

153 

1.0  0 

153 

0  .  00 

.  00 

W3 

LT-TH 

-RT 

280 

2 

1.05 

294 

0  .  30 

0 

.  23 

N3 

-  .-n 

1-1  X 

120 

1 .00 

120 

1  .  00 

0 

.00 

N3 

TH-RT 

370 

2 

1.05 

388 

0  .  00 

0 

.  19 

S3 

LT-TH 

324 

2 

1.05 

341 

0.14 

0 

.  00 

S3 

RT 

200 

1 .  00 

200 

0  .  00 

.  00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 

LEFT  TURN  OPPOSING  APPROACH 

3EING  OPPOSED  VOLUMES  %   OPPOSING   LEFT  TURN  #   LAl.ES  OPPOSING 


T  m 
u  ± 

TH 

RT 

-  — J 

U  1. 

.-n-- 
1  ~* 

RT 

LT 

RT 

VOLUME 

EAST30UND 

83 

131 

66 

100 

100 

100 

0 

2 

u 

280 

WESTBOUND 

529 

93 

153 

100 

100 

0 

a. 

93 

N0RTH30u'ND 

44 

280 

200 

100 

100 

0 

0 

2 

324 

S0UTH30UND 

120 

299 

71 

64 

64 

64 

2 

0 

238 

J  ^  X 

no 

uT 

CdO 

Til 

1  n 

ra 

X  i 

M0 

T  T" 

V  'a 
Is  o 

T  T" 
Li  1 

rn" 

S3 

LiT 

S3 

T  74     ^  T 

M 

f  WIQ 

r  .IV 

Fgr 

par  X 

F  bus 

7 

area 

?r  t. 

Fit 

s 

1  ft  n  n 

X  O  IJ  W 

X 

.  \J\JKJ 

Q  ft  n 

5  O  V 

AAA 

X 

AAA 

X 

AAA 

J 

Q  A  A 

AAA 

.000 

0 

.7  67 

x2_9 

ft  n  o 

X  O  V/ 

X 

.  VJ  (J  u 

\J  . 

J  O  VJ 

AAA 

1 

AAA 

X 

AAA 

A 

a  A  A 

^  /*l  /\ 

1 

.000 

1583 

1    n  n 

X 

n  n  n 

n 

U  . 

a  ft  A 

7  O  U 

X 

AAA 
.  U  U  VJ 

X 

AAA 

AAA 

u 

Q  A  A 

O  £  A 

1 

.  000 

1 350 

*  ft  n  o 
a.  o  u  u 

X 

.  U  \J  u 

U  . 

Q  ft  A 

X 

AAA 

X 

AAA 

X 

AAA 

U 

a  A  A 

AAA 
.  000 

.  000 

3176 

1  ft  n  n 

X  O  U 

X 

n  o  o 
.  u  u  u 

,1 

VJ  . 

a  ft  A 
J  O  U 

X 

AAA 

X 

A  A  A 
.  U  U  U 

X 

AAA 

U 

Q  A  A 

•*• 

AAA 

.000 

0 

^  c 

.  9b0 

150  9 

"  ft  n  n 

X  o  U  VJ 

X 

r>  n  r» 
.  u  U  >J 

0  . 

O  ft  A 
7  O  U 

AAA 

•*• 

A  A  n 
.  U  U  U 

A  A 

U 

Q  A  A 

X 

("^  A  A 

.  000 

.  uOO 

-5-76 

'  a  n  n 
o  u  u 

X 

n  n  n 
.  U  U  U 

J  . 

a  13  A 
5  o  u 

X 

AAA 
.  U  vj  U 

A 

.  U  U  0 

X 

AAA 

0 

.000 

0 

.  994 

3158 

1800 

1 

^ 

X 

.  000 

0. 

980 

X 

.  000 

.  000 

.  000 

0 

.  900 

0 

.350 

.  000 

1350 

SUPPLEMENTAL   WORKSHEET   FOR   LEFT-TURN  ADJUSTMEx\'T   FACTOR  FL" 
INPUT  VARIA3LES 

DIR  C  G  N  Va  V.ti  VI t  Pit  No  Vo  Pl'O 
E3  47  13  1  529  247  529  1.00  2  280  0.30 
W3  47  13  2  230  280  33  0.30  1  93  0.00 
S3  47  18  2  324  524  44  0.14  2  238  0.00 
CALCULATIONS 

DIR   Sop         Yo  Gu         Fs         PI  Gq         ?t  Gf  El  Fm  Fit 

E3  3035  0.091  9.606  0.700  1.000  3.394  0.000  0.000  1.607  0.767  0.767 
W5  1300  0.052  11.141  0.817  0.582  1.859  0.413  0.798  1.378  1.000  l.GOO 
S3   3600  0.066   15.948  0.726   0.250     2.052   0.710     1.450     1.549  0.988  0.994 


CAPACITY  ANAL 

YSIS 

WORKS 

:-:eet 

DIR   LN  GROUP 

T29^ 

3 

V/  s 

•J 

/  C 

C 

v  /  c 

CRITICAL 

E3  LT 

1219 

0  .  43 

o3 

3  3  / 

E3  TH 

/  931 

1588 

0  .  06 

G  . 

2  3 

439 

0  .  21 

E3  RT 

13  50 

0  . 11 

0. 

28 

373 

0  .  41 

W3      LT-TH-RT  / 

294 

3176 

0  .09 

^  . 

23 

879 

0.33 

N3      LT  I 

120  J 

1509 

0.03 

0  . 

21 

7  5  5 

0  . 16 

* 

N3    t:-:-rt  j 

38  8  1 

3176 

0  . 12 

0 . 

60 

1392 

0  .  21 

S3      LT-TH  1 

341' 

3158 

0.11 

0  . 

33 

1209 

0  .23 

S3      RT  \ 

200( 

1350 

0  . 

u . 

J6 

0  .  39 

CYCLE=   47.0      LOST=   5.0      SUM   v/ S  CRIT=   0.62   TOTAL  V/C=    0 . " _ 

FOR   T:-:E  N0RT-:30UND  PROTECTED/ PERMISSIVE  LEFT  TURX  LAXE    IKE  CAPACITY,    V/  5  A 
RATIOS   :-:AVE  all   3EEN  adjusted   70  KZJ'^ZCZ:  A  CAPACITY  FOR 

13  5   LEFT   TURNS   ON  THE   CHANGE   INTERVAL   AND      29  9   ON  THE    PERMISSIVE  ?'.-LASZ 


LEV 

EL  OF  SERV 

-CE 

WORKS 

HEET 

DIR 

_)N  GROo? 

v/c 

g/c 

C 

dl 

c 

g2 

^ela 

y  LO 

S 

Avg  Q 

23 

1 .  57 

0  ,  23 

47 

.  0 

15  . 

51 

337 

510.6  3 

.  0  0 

.  14 

79.9 

E3 

0  .  21 

0  .23 

47 

.  0 

9  . 

93 

439 

0  .  04 

.  00 

.  97 

3 

0.9 

S3 

RI 

0  .  41 

0  .  23 

47 

.  0 

10  . 

54 

373 

0.43 

.00 

_  \j 

.  97 

3 

1  .  4 

W3 

LT-TH-RT 

0  .  33 

0.28 

47 

.  0 

10. 

30 

87  9 

0.09 

-  00 

.39 

3 

2 .  6 

N3 

i-i  1' 

0.16 

0  .  60 

47 

.  0 

3  . 

22 

7  5  5 

0.01 

.00 

3 

.  2  3 

A 

1 .  2 

N3 

TH-RT 

0  .  21 

0.  60 

47 

.  0 

3 . 

33 

1392 

0.01 

.  00 

3 

.  33 

A 

2  .  0 

S3 

0  .  28 

0.  38 

47 

.  0 

7  . 

62 

1209 

0.0  4 

.00 

.  5  5 

3 

2  .  5 

S3 

RT 

0  .  39 

0.  38 

47 

.  u 

7  . 

98 

517 

0  .  25 

.  00 

3 

.  23 

3 

1  .  6 

DIR  Delay  LOS 
E3   362.85  F 
W3      10.39  3 
N3        3.31  A 

S3        7.87      3  '  

INTERSECTION  DELAY  =»137.06  '.INTERSECTION  LOS  =  F 

THE   CYCLE   LENGTH  WITHIN  THE   3GU'NDS  OF      50     TO     120  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      50.0  SECONDS 

FOR  A  V/C  RATIO  OF    .95  THE   CYCLE  SHOULD  BE     17.1  SZCOlSiliS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is  28.2  sees  green,  3.0  sees  yellow  -r  red  clea 
suggestea  timing  pnase  2  is  2.2  sees  green,  0.0  sees  yellow  -  red  elea 
suggested  riming  phase  3  is       9.6  sees  green,       3.0  sees  yellow  -  red  clea 


1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ARCAND/ FRENCH 

1996  N0-3UILD  CONDITION 

date : 10-29-1992  t ime : 08 : 51 : 31 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

VOL'vJME  =  f  renvoi         G£OMSTRICS  =  f  rengeo         SIGNAL=f  rensig 


LOCATED  IN  CBD : 

Y 

VOLUME  & 

GEOMETRICS 

VOLUMES 

#   OF  L 

ANES 

LANE  WID'-'H 

CROSS 

DIR  LT 

TH 

RT 

LT  TH 

RT 

LT       TH  RT 

WALK 

£3  483 

36  1 

41 

12.0  12.0  12.0 

0 

W3        7  7 

121 

60 

0  2 

0 

0.0  12.0  0.0 

N3  111 

276 

66 

1  2 

0 

12.0  12.0  0.0 

0 

S3  41 

258  1 

34 

0  2 

0.0   12.0  12.0 

0 

TRAFFIC  Sc 

ROADWAY  CONDITIONS 

ADJ 

PARK 

PEDESTRIANS 

ARR 

DIR  GRADE 

%HV 

Y/N 

M0VZ3  3 

U  3  iS 

PHF   CROSS   3UT  MIX 

TIME 

TYPE 

23  0.0% 

4  .  0% 

N 

0 

\J 

.900          5  Y 

•'  .  >j 

W3  0.0% 

4  .  0% 

\- 

0 

'\ 

.90  0          5  Y 

7  .  0 

3 

:\3  0.0% 

4  .  G% 

0 

0 

.900          5  Y 

•  .  0 

3 

33  0.0% 

4.0% 

N 

0 

.900          5  Y 

7.0 

3 

r'  -1 A  S  —  ix  G  S 

EAST30UND 

WEST 

30U^:D 

.\'  0  R  T  H  3  0  U  X  D      SOU  T  >;  3  0  U  N  D 

GREEN 

Y-R 

r  P 

r  ? 

r     p     1     ■     r  p 

2      *  « 

* 

13  .  0 

3 

2 

10  .  0 

0 

3 

*  * 

*               *       *  * 

18  .  0 

3 

CYCLE=  4 

7  .  0 

VOLUME  ADJUSTMZl-.T  WORKSHEET 


PART 

1    (MOVEMENT  AD 

J 

ustme: 

^TS) 

DIR 

LTV 

THV 

RTV 

LTFR 

Tl 

HFR 

RTFR 

E3 

433 

36 

141 

.  900 

542 

96 

157 

W3 

77 

121 

60 

.  900 

36 

134 

67 

N3 

276 

66 

.  900 

12  3 

307 

73 

33 

41 

258 

134 

.  900 

46 

287 

204 

PART 

2    ( LANE 

GROUP 

ADJUST^ 

lENTS) 

DIR 

LN  GROUP 

FLOW 

N 

LU 

V 

Pit 

Prt 

E3 

LT 

542 

J. 

1.00 

542 

J. 

.00 

0  .  00 

E3 

TH 

96 

J. 

1 .  00 

96 

0 

.  00 

0  .  00 

E3 

RT 

157 

1 

1 .  00 

157 

0 

.00 

1 .00 

W3 

LT-TH- 

RT 

287 

2 

1.05 

301 

0 

.  30 

0  .  23 

N3 

LT 

123 

1.00 

123 

.  00 

0  .  00 

N3 

TH-RT 

380 

2 

1 .05 

399 

0 

.  00 

0  . 19 

S3 

LT-TH 

332 

2 

1.05 

349 

0 

.14 

0  .  00 

S3 

RT 

204 

1 .  00 

204 

0 

.  00 

1 .  00 

PART   3    (OPPOSING  VOLUME  ADJUSTMENTS) 


'URN 


OPPOSING  APPROACH 


3EING  OPPOSED 

VOLUME 

S 

%  OPPOS 

xNG  L 

EFT  TURN 

LAXE 

S 

OPPOSING 

-  m 

TH 

RT 

LT 

±  n 

RT 

LT 

TH 

RT 

VOLUME 

EASTBOUND 

86 

134 

67 

100 

100 

100 

0 

2 

0 

~7 

^  b  i 

WEST30UND 

542 

96 

157 

100 

100 

0 

1 

96 

NORTHBOUND 

46 

287 

204 

100 

100 

0 

0 

2 

332 

SOUTHBOUND 

123 

307 

73 

64 

64 

64 

2 

0 

244 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

Fgr 

E3 

LT 

1800 

1 

1 .000 

0 

.  980 

.  000 

S3 

TH 

1800 

1.000 

0 

.  980 

.  000 

S3 

RT 

1800 

X 

1 .  000 

0 

.980 

.000 

W3 

LT- 

TH-RT 

1800 

2 

1.000 

0 

.  980 

.000 

\3 

LT 

1800 

1 

1 .000 

0 

.  980 

.000 

.\3 

TH- 

RT 

1800 

2 

1 .  000 

0 

.980 

.000 

S3 

LT- 

1300 

2 

1 .  000 

0 

.930 

.000 

S3 

RT 

1800 

1  .  000 

0 

.980 

.000 

* 

FparK 

Fbus 

Farea 

Frt 

Fit 

s 

1.000 

1 .000 

0. 

900 

1 

.000 

0 

.760 

1207 

1.000 

1 .000 

0. 

900 

1 

.  000 

X 

.  000 

1538 

1.000 

1 .000 

0  . 

900 

0 

,850 

X 

.  000 

1350 

1.000 

1 .  000 

0  . 

900 

X 

.  000 

.  000 

3176 

1.000 

1  .  000 

0  . 

900 

1 

.  000 

0 

.950 

150  9 

1 .  000 

1 .  000 

0. 

900 

1 

.  GOO 

X 

.  OGC 

3176 

1  .  000 

1  .  000 

0  . 

900 

X 

.  000 

0 

.  99  3 

3153 

1 .  000 

1 .  000 

0  . 

900 

0 

.  850 

X 

.000 

1350 

SUPPLEMENTAL 

WORKSHS 

^  X 

FOR  Li 

FT-T 

URN 

AD  JUS 

TMSXT 

FACTOR  FL 

I.N  PUT  VARIA3L 

SS 

DIR  C 

G  .\ 

Va 

V.Tl 

Vlt 

Plu 

No 

Vo 

?x-o 

E3  47 

13  1 

542 

252 

542 

1 .00 

2 

287 

0.30 

W3  47 

13  2 

287 

287 

36 

0  .  30 

96 

0.  00 

S3  47 

13  2 

332 

537 

46 

0  .14 

2 

244 

0  .  oc 

C  Ai-iC  u  jj  AT 

ig:;s 

DIR  Sop 

Yo 

Gli 

Js 

Gq 

Gf 

S3  3073 

0.093 

9  .  50  8 

0  . 

696  1. 

000 

3  . 

492  0. 

000      0.000  _.6 

1  7 

0  . 

7  60  0 

.  ■  o  C 

W3  1300 

0.053 

11 . 094 

0  . 

315  0. 

535 

906  0. 

415     0.305  1.3 

30 

000  1 

.00  0 

33  3600 

0  .  063 

15.333 

-I 

\J  . 

7  2  2  0  . 

292 

2  . 

70  3  : 

..432  1.3 

57 

0  . 

93  5  0 

.  99j 

CA? 

ACI 

TY  ANALYSIS 

WORKS 

^  ^  ^  L 

DIR 

LN 

GRO 

UP  . 

3 

V/  s 

g/C 

c 

V 

/  c 

C A_T_  CAL 

33 

—1 

542 

1207 

0.45 

0  .  23 

334 

62 

E3 

X 

961 

1533 

0.06 

0  .  23 

439 

0  . 

22 

S3 

RT 

1571 

13  50 

0  .  12 

0  .  28 

373 

0  . 

42 

W3 

LT 

m  -  - 

RT 

30x 

1  317  6 

0  .09 

0  .  28 

379 

0  . 

34 

N3 

"  .-p 
U  _ 

123 

1  1509 

0  .03 

0  .  21 

7  51 

0  . 

16 

N3 

m 

-RT 

399 

3176 

0  .13 

0.  60 

1392 

0  . 

21 

S3 

"  rn 
^  X 

 m" 

349- 

3153 

0  . 11 

0  .38 

1207 

0. 

29 

S3 

RT 

13  50 

0.15 

0.33 

517 

0  . 

40 

CYC 

LS  = 

47  . 

0 

LOST 

=  6.0 

3U>! 

V/  S 

CRIT= 

0  . 

64 

TOTAL  V/C 

FOR  THE  N0RTH30UND   PROTSCTSD/ PSRMISS IVS   LEFT   TURN  LANS  THE   CAPACITY,    V/ 5  A: 
RATIOS   HAVE   ALL   3ZZN  ADJUSTED  TO  REFLECT  A  CAPACITY  FOR 

135   LEFT   TURNS   ON   "HE  CHANGE   INTERVAL  AND      295  ON   THE   ?ZKy[ZSSZyE  ?'-.ASS 


LEVEL  OF   SERVICE  WORKSHEET 


DIR 

LN 

GROUP 

v/c 

g/C 

C 

dl 

c 

g2 

-.elay  LOS 

Avg  g 

E3 

LT 

1 .  62 

0.28 

47 

.0 

16  , 

97 

334 

596 . 41 

.  00 

613 . 33 

94  .  9 

E3 

X  .i. 

0  .  22 

0 .  23 

47 

9. 

94 

439 

0  .  04 

.  00 

9.99 

3 

0.9 

S3 

RT 

0  .  42 

0,23 

47 

.  0 

10  . 

57 

373 

0  .  47 

.  00 

11.04 

3 

X  .  3 

W3 

XJ  X 

TH-RT 

0.  34 

0.28 

47 

.  0 

10. 

32 

379 

0.10 

.  00 

10.42 

3 

2  .  7 

N3 

LT 

0 . 16 

0.60 

47 

.0 

3  . 

24 

751 

0.01 

.00 

3  .  24 

A 

X  .  J 

N3 

TH- 

RT 

0.21 

0.60 

47 

.0 

3. 

34 

1892 

0.01 

.  00 

3.35 

A 

2  .  0 

S3 

LT- 

i  -~ 

0.  29 

0  .  38 

47 

.  0 

7  . 

65 

1207 

0  .  04 

.  00 

7.63 

3 

2  .  7 

S3 

RT 

0  -  40 

0.38 

47 

.  0 

3  . 

01 

517 

0.  27 

.  O'J 

3.28 

3 

1 .  6 

DIR 

Delay 

LOS 

S3 

422.02 

W3 

10  .  42 

3 

N3 

3.32 

A 

S3 

7  .  91 

3 

INT 

ERSSCTI 

ON 

DELAY  /=158.69  jlNTSRSSCTION  LOS  =  F 


THE  CYCLE  LENGTH  WITHIN  THE  30UNDS  OF  50  TO  100  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY   IS      50.0  SEC02iIiS 


FOR  A  V/C   RATIO  OF    .95   THE  CYCLE   SHOULD  3E     18.1  SECONDS 
for  chosen  cycl.e  length  65.0 

S'^ggesred  timing  phase  1  is     29.2  sees  green,       3.0  sees  yellow  ^  red  clear 

i-'-rr-os^SJ/--     --i-Tn-nrr    y\    s  ^         x     -  ^  0  ^^ir-s     /-'i^sso—  0  .  Z     SeCS  V5  CW     ~     re'—  C_52.r 


7  V... 

1985  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

ARC AND /FRENCH 

1999  NO- BUILD  CONDITION 

date: 10-29-1992  time : 08 : 55 : 12 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME=f renvoi         GEOMETRICS=f rengeo         SIGNAL=f rensig 
LOCATED   IN  C3D:Y 
VOLUME  &  GEOMETRICS 


VOLUMES 

#  OF 

LANES 

LAN 

 1 

WIDTH 

CROSS 

DiR 

LT 

RT         LT  TH 

RT 

LT 

t:-:  RT 

WALK 

E3 

525 

93  1 

52  11 

12.0  1 

2 

.0  12.0 

0 

W3 

Q  1 
O  J 

130 

65           0  2 

0 

0.0  1 

2 

.0  0.0 

o 
\j 

N3 

119 

297 

71  12 

0 

12.0  1 

2 

.  0  0.0 

0 

So 

44 

27  8  1 

99           0  2 

X 

0.0  1 

2 

.0  12.0 

0 

TRAr 

FIC  & 

ROADWAY  CONDITIONS 

ADo  PARK 

p 

cDESTR^ANS 

ARR 

DIR 

%HV 

Y/N  MOVES 

3USS3 

?HF  CROSS   BUT  MIN 

TIME 

TYPE 

E3 

0  .  0% 

4  .  0% 

0 

0 

.  900 

5       Y  7 

.  0 

3 

WB 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5        Y  7 

.  0 

3 

N'3 

0  .  0% 

4  .  0% 

>;  0 

0 

.  900 

5       Y  7 

.  0 

3 

S3 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5        Y  7 

.  0 

3 

?:-:as 

INGS 

EAST30UND 

WEST30UND 

NCRT 

H30U;;D 

SCUT  1--  3  0  U  N  D 

GREEN  Y- 

1  t 

r  p 

1     t     r  p 

A.  t 

r  p 

1     ~     r  p 

*  * 

X         He  * 

13.0  3 

2 

*  * 

* 

10.0  0 

3 

*  * 

*      *  ± 

13.0  3 

CYCLE=  47.0 


VOLUME  ADJUSTMEIxT  WORKSHEET 


PART   1  (MOVSM 

ENT  ADJ 

USTMEN 

TS) 

DIR     LTV  THV 

R-V 

LTFR  THFR 

RTFR 

E3       525  93 

152 

.  900 

383  103 

X  O  5 

W3         3  3  130 

55 

.  900 

92  144 

72 

N3       119  297 

7  1 

.  900 

132  330 

79 

S3         44  273 

199 

.  900 

49  309 

221 

PART  2  (LANE 

GROUP 

ADJUSTMENTS) 

DIR  LN  GROUP 

FLOW 

N 

V  Pit 

Prt 

E3  LT 

583 

1 .  00 

583  1.00 

0  .  00 

E3  TH 

103 

j. 

1 .00 

103  0.00 

0.00 

E3  RT 

169 

1  .00 

169  0.00 

1 .00 

WB  LT-TH-RT 

309 

2 

1 .05 

324  0.30 

0.23 

N3  LT 

132 

1  .00 

132  1.00 

0  .00 

N3  TH-RT 

409 

2 

1 . 05 

429  0.00 

0.19 

S3  LT-TH 

358 

2 

1.05 

376  0.14 

0  .  00 

S3  RT 

221 

1.00 

221  0.00 

X  .   V.»  O 

PART   3  (OPPOS 

ING  VOLUME  AD 

JUSTMENTS) 

LEFT  TURN 

0 

PPCSING  APPROAC 

BEING  OPPOSED 

VOLUMES              %  C 

PPOSI 

NG  L 

EFT  TURN 

# 

LANE 

S 

OPPOS  IN( 

LT 

TH 

RT 

LT 

TH 

RT 

XI  J. 

TH 

RT 

VOLUME 

EASTBOUND 

92 

144 

72 

100 

100 

100 

0 

2 

0 

309 

WESTBOUND 

583 

103 

169 

100 

100 

0 

X 

103 

NORTHBOUND 

49 

309 

221 

100 

100 

0 

0 

2 

358 

SOUTHBOUND 

132 

330 

79 

64 

64 

64 

X 

2 

0 

26  3 

SATURATION   FLOW  ADJUSTMENT  WORKSHEET 


DIR 

LN 

GROUP 

IDEAL 

N 

Fwid 

Fhv 

7gr 

Fpar'K 

Fbus 

Far  ea 

r  rt 

Fit 

3 

E3 

LT 

1800 

1 

X 

.  000 

0 

.  980 

X 

.  000 

1 . 000 

1 

.  000 

0  .  900 

1 

.000 

0 

.736 

1163 

EB 

TH 

1800 

- 

1 

.  000 

0 

.  980 

.  000 

1 . 000 

X 

.  000 

0 .  900 

.  000 

1 

.  000 

1588 

E3 

RT 

1800 

1 

X 

.  000 

0 

.  980 

1 

.  000 

1 . 000 

1 

.000 

0 . 900 

0 

.  850 

X 

.  000 

1350 

W3 

LT- 

TK-RT 

1800 

2 

X 

.  000 

0 

.  980 

1 

.  000 

1 .  000 

X 

.  000 

0 .  900 

.000 

0 

.997 

3166 

N3 

LT 

1800 

1 

1 

.  000 

0 

.  980 

.  000 

1  .  000 

1 

.  000 

0  .  900 

.  000 

0 

.950 

1509 

N3 

TH- 

RT 

1800 

2 

.  000 

0 

.  980 

.  000 

1 . 000 

.  000 

0  .  900 

.  000 

1 

.  000 

3176 

S3 

LT- 

TH 

1800 

2 

.  000 

0 

.980 

.  000 

1  .  000 

.  000 

0  .  900 

X 

.  000 

0 

.  988 

3140 

S3 

RT 

1300 

X 

Ji. 

.000 

0 

.  980 

.  000 

1.000 

.  000 

0  .  900 

0 

.  350 

X 

.  000 

13  50 

SUPPLSiMSNTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMExNT  FACTOR  FLT 
INPUT  VARIA3LES 


DIR  C 

G 

N 

Va 

Vm 

?'xZ 

No 

Vo 

?x  to 

E3  47 

13 

X 

583 

272 

583 

1.00 

2 

309 

0  .  30 

W3  47 

13 

2 

309 

309 

92 

0  .  30 

103 

0  .  00 

S3  47 

18 

2 

358 

579 

49 

0  .14 

2 

263 

0  .00 

CALCULAT 

— 

NS 

DIR  Sop 

Yo 

Gu 

•  5 

?^ 

Gq 

?t 

Gf 

EL 

7m 

r  1 1 

E3  3056 

0  . 

101 

9  . 177 

0. 

682  1. 

000 

3  . 

823  0 

.000 

0  . 

ceo 

1.650 

0  . 

7  36 

r 

.736 

W3  1800 

0. 

057 

10.929 

810  0. 

589 

2  . 

071  0 

.411 

0  . 

339 

1 .  383 

993 

0 

.997 

S3  3600 

0  . 

073 

X  5 . 7  x6 

u  . 

1x1  0. 

294 

2  . 

28  4  0 

.  706 

57  7 

1 .  583 

0  . 

977 

0 

.938 

CAPACI 

TY  A.-ALYSIS 

WORKS 

HSET 

DIR  LN 

k  s 

v/s 

g/c 

c 

v/c 

1  

^3  i_iT 

\ 

1163 

0.50 

0  .  28 

323 

.  81 

S3  TH 

1588 

0.07 

0  .  28 

439 

0 

.24 

S3  RT 

:  -d9| 

1350 

0.13 

0  .  28 

37  3 

0 

.  45 

W3  LT 

-IH-RT 

,  324i 

3166 

0. 10 

0  .  23 

376 

0 

.  37 

N3  LT 

!  132 

1509 

0.04 

0  .  21 

7  3  S 

0 

.  18 

N3  TH 

-RT 

1  429 

3176 

0.14 

0  .  60 

1892 

0 

.  23 

S3  ^T 

1  376 

3140 

0 . 12 

0  .  38 

1202 

0 

.  31 

S3  RT 

1  221 

1350 

0.16 

0  .  38 

517 

0 

.  43 

CYCL£= 

47  .  0 

LOST= 

■   o  .  u 

SUM 

V/S 

CRir= 

\J 

.70 

CRITICAL 


FOR  THE 
RATIOS 
135  LEi 


TOTAL  V/C=  O.SO 
NORTHBOUND   PROTECTED/ PSRMI S S I VS  LEFT  TURN  LANS   THE  CAPACI" 
HAVE   ALL   3SEN  ADJUSTED  TO  REFLECT  A  CAPACITY  FOR 


V/  S 


TURNS   ON  THE  CHANGE    INTERVAL  AND      282   ON  THE   PERMISSIVE  ?':iAS'L 


LEV 

EL  OF  SERV 

ICE  -AQ?.7iSr. 

EST 

DIR 

LN  GROUP 

v/c  g/C 

C 

dl 

c 

c2 

Delay  LOS 

Avg  Q 

S3 

~1  X 

1.31  0.23 

47 

.  0 

13  . 

67 

323 

938.01 

.  00 

956.57 

157.3 

S3 

TH 

0.24  0.23 

47 

.0 

10  . 

00 

439 

0  .  05 

.00 

10.05 

3 

1.0 

S3 

RT 

0. 45  0.28 

47 

.  0 

10  . 

63 

373 

0  .  62 

.00 

11.30 

3 

1 .  6 

W3 

LT-TH-RT 

0.37  0.28 

47 

.  0 

10. 

41 

876 

0.13 

.00 

10.54 

3 

2.9 

N3 

LT 

0.18  0.60 

47 

.  0 

3  . 

27 

738 

0  .  01 

.00 

3  .  23 

A 

1.4 

N3 

TH-RT 

0.23  0.60 

47 

.  0 

3. 

37 

1892 

0.01 

.  00 

3.39 

A 

2.2 

S3 

T  m  rn" 

ux~  ^n. 

0.31  0.38 

47 

.0 

7  . 

72 

1202 

0.05 

X 

.00 

7.77 

3 

2  .  9 

S3 

RT 

0.43  0.38 

47 

.  0 

8  . 

1 3 

517 

0.  36 

.00 

3  .  49 

3 

1 .  8 

DIR  Delay  LOS 
E3  655.72  F 
W3     10.54  3 
N3       3.36  A 
S3        8.04  3 

INTERSECTION  DELAY  1=244.25 


25j INT 


TSRSECTION  LOS=] 


THE   CYCLE   LENGTH  WITHIN  THE   30UNDS   OF  50 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS 


TO 
50 


100  SECONDS 
0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  3E  22.9  SECONDS 
for  chosen  cycle  length  65.0 

suggested  timing  phase  1  is  32.5  sees  green, 
suggested  timing  phase  2  is  2.5  sees  green, 
suggested  timing  phase  3  is     10.6  sees  green, 


3.0  sees  yellow 
0.0  sees  yellow 
3.0  sees  yellow 


rea  c^ea: 
red  clea: 
red  clea: 


1985  HCM  -  CHAPTER  9:    SIGNALIZED   -  OPERATIONAL  ANALYSIS 

ARC AND /FRENCH 

1999  NO-BUILD  CONDITION 

date  :  10-29-1992  t inie  :  08  :  55 : 12 

LAST  DATA  SET  NAMES   LOADED  OR  SAVED 

VOLUME=f renvoi         GSOMETRICS=f rengeo        SIGNAL=f rensig 
LOCATED   IN  CBD:Y 
VOLUME  &  GEGMETRICS 


VOLUMES  4  OF   LANES  LANE  WIDTH  CROSS 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

LT 

TH 

RT 

WALK 

E3 

525 

93 

152 

12.0 

12  .  0 

12.0 

0 

W3 

83 

130 

65 

0 

2 

0 

0.0 

12.0 

0  .  0 

0 

N3 

119 

297 

71 

2 

0 

12.0 

12.0 

0.0 

0 

S3 

44 

278 

199 

0 

2 

0.0 

12.0 

12  .  0 

0 

TRAFFIC   &  ROADWAY  CONDITIONS 

ADJ   PARK  PEDESTRIANS  ARR 


DIR 

G.RADS 

%HV 

Y/.\'  MOVES 

B  U  S  i  3 

PH? 

CROSS 

BUT  mi: 

TIME 

TYPE 

E3 

0  .  0% 

4.0% 

.\-  0 

0 

.  900 

5 

Y 

7 

.  0 

3 

W3 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5 

Y 

7 

.  0 

3 

N3 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5 

Y 

7 

.  ^ 

3 

S3 

0  .  0% 

4  .  0% 

N  0 

0 

.  900 

5 

7 

.  0 

3 

p>:asings 

sast30und  westbound  northbound  southbound  green  y^r  pre/ act 
Itrpltrplurpl'rp 

«*«  13. J  3^ 

2  *»«  10.00? 

3  ic         it         ic  M         %         ic  *3»G3^ 

CYCLE=  47.0 


VOLUME  ADJUSTMENT  WORKSHEET 


PART 

1  ^moveme: 

;T  ADJ 

USTMENT 

S  ,1 

DIR 

LTV 

rHV 

RTV 

PHF  L 

TFR 

THFR 

RTPR 

E3 

52  5 

33 

152 

.  900 

58  3 

103 

169 

W3 

33 

130 

65 

.  900 

92 

144 

7  2 

N3 

119 

297 

71 

.  900 

132 

330 

79 

S3 

44 

273 

199 

.  900 

49 

309 

221 

PART  2  (LANE 

GROUP 

ADJUSTMENTS) 

DIR   LN  GROUP 

FLOW 

N 

Lo 

V  Plr 

Pr- 

E3  LT 

583 

1 .  00 

583  1.00 

0.00 

i3  TH 

103 

X 

1.00 

103  0.00 

0.00 

E3  RT 

169 

1.00 

169  0.00 

1.00 

W3  LT-TH-RT 

309 

2 

1 .05 

324  0.30 

0.23 

N3  LT 

132 

1.00 

132  1.00 

0.00 

N3  TH-RT 

409 

2 

1.05 

429  0.00 

0.19 

S3  LT-TH 

358 

2 

1.05 

376  0.14 

0.  00 

S3  RT 

221 

1.00 

221  0.00 

-         A  ~. 

X  .  u 

PART  3  (OPPOS 

ING  VOLUME  AD 

JUSTMENTS) 

LEFT  TURN 

OPPOSING  A? 

PRCACH 

BEING  OPPOSED 

VOLUMES               %  OPPOSING  LEF 

T  TURN 

# 

LANE 

S 

QP?CSIN( 

LT 

TH 

RT 

LT  TH 

RT 

-  rn 
— 1  X 

TH 

RT 

VOLUME 

EASTBOUND 

92 

144 

72 

100     100  1 

00 

0 

2 

0 

309 

WESTBOUND 

583 

103 

169 

100  100 

0 

1 

X 

103 

NORTHBOUND 

49 

309 

221 

100  100 

0 

0 

2 

X 

353 

SOUTHBOUND 

132 

330 

79 

64  64 

64 

1 

2 

0 

263 

SAT 

oRAT 

xG.Ni  r 

uOn  AJ^ 

r*!  ^  A«  X 

WORK.ani 

'-' 

i. 

Fwid 

F"nv 

?par  .< 

:  bus 

area 

rr  t 

Fit 

s 

LT 

1  oOO 

-      r\  /\ 

X  .  000 

0 

.980 

X 

AAA 

.000 

.  AAA 

X  .  000 

^ 

.  000 

0 

.900 

X 

.  000 

0 

.  760 

1207 

Th 

-  A  r\  <^ 

X 

^      /\  r\  r\ 

X  .  000 

0 

.  980 

•*■ 

AAA 

.  000 

1  .  000 

AAA 

.  000 

0 

.  900 

1 

.  000 

1 

.  000 

1588 

2.3 

RT 

J.  oOU 

X 

X  .  000 

0 

.980 

- 

AAA 

.  000 

i'\  r\  /\ 
X  .  000 

AAA 

.  000 

0 

.  900 

0 

.  8  50 

X 

.  000 

1350 

W3 

LT- 

Tn-RT 

X  800 

2 

"1 

1.000 

0 

.980 

.  000 

X  .  000 

.  000 

0 

.  900 

X 

.  000 

X 

.  000 

3176 

N3 

LiT 

X  800 

X 

*  .  000 

0 

.  980 

X 

AAA 

.000 

1,000 

- 

AAA 

.  000 

0 

.  900 

X 

.000 

0 

.  950 

1509 

Trt- 

R  J. 

•  o  r\  r\ 

X  800 

2 

*  AAA 

X  .  000 

0 

.980 

- 

AAA 

.  000 

AAA 

X  .  000 

X 

.000 

0 

.  900 

.000 

- 

.  000 

3176 

S3 

-jT- 

x800 

-> 

-  AAA 

X  .  000 

0 

.980 

.  OOvj 

A  A 

X  .  000 

- 

.000 

0 

.900 

1 

.  OoO 

0 

.  993 

3153 

S3 

— 1  rr% 

RT 

X  800 

*        A  /A 

i  .  000 

0 

.980 

X 

.  000 

AAA 

^  .  000 

X 

A  /A  a'\ 

.000 

0 

.  900 

0 

.  6oQ 

X 

.  000 

1350 

SUPPLEMENTAL  WORKSHEET  FOR  LSFT-T 
INPUT  VARIA3LES 


DIR 

C 

G 

N 

Va 

V.n 

VI  t 

p 

E3 

47 

13 

X 

542 

252 

542 

X  . 

00 

W3 

47 

13 

2 

287 

287 

36 

0  . 

3G 

S3 

47 

18 

2 

332 

537 

46 

0. 

14 

AT IONS 

DIR   Sop          Yo  Gu  Fs  ?1 

E3   3073   0.093  9.503  0.696  1.000 

W3  1800  0.053  11.094  0.815  0.535 

S3   3600   0.068  15.833  0.722  0.292 


RN  ADJUST>fEXT  FACTOR  FLT 

No       Vo  Plio 
2     287  0.30 

1  96  0.00 

2  244  0.00 

Gq         ?z  Gf  El  Fni  Fl~ 

3.492  0.300  0.000  1.617  0.760  0.760 

1.906  0.415  0.305  1.3  80  1.000  1.000 

2.111  0.703  1.432  1.557  0.985  0.99j 


CAPACITY  ANALYSIS  WORKSHEET 


DIR 

LN 

GROUP  , 

s 

v  /  s 

g/C 

c 

v/c 

IRII'CAL 

Z3 

542 

_  ^  0  .■■ 

0.45 

0  .  23 

334 

1.62 

s 

£3 

96 

1538 

0  .  06 

0  .  28 

439 

0 . 22 

E3 

RT 

157 

0  . 12 

0  .23 

37  3 

0.42 

W3 

-TH-RT 

301 

m 

0.09 

0  .  23 

379 

0  .  34 

N3 

123 

1 1509 

0  .  03 

0.21 

7  51 

0.16 

N3 

rrn 

-RT 

399 

3176 

0.13 

0.60 

1892 

0.21 

S3 

LT 

-TH 

349 

/  3153 

0  .11 

0  .  38 

1207 

0.2S 

S3 

RT 

204'  1350 

0  .15 

0  .  38 

517 

0.4  0 

« 

CYCL 

Jit  — 

47  .  0 

LOST 

=  6.0 

SUM 

V  /  s 

CRIT  = 

0  .  64 

TOTAL  V/C 

FOR  THE  NORTH30UND   PROTECTED/ PERMISSIVE  LEFT 
RATIOS   HAVE   ALL   3SEN  ADJUSTED  TO  REFLECT  A  CAP 
13  5   LEFT   TURNS   ON  THE  CHANGE   INTERVAL  AND      23  5 


■J  .  I  J) 

^ .0«   ^A.'v      T.~^   C Ai:* Av- _  J. Y  ,    *  /  5 
ACITY'  FOR 
ON  THE   PERMISSIVE  PHASE 


*EVEL  OF   SERVICE  mCKKSAZET 


DIR 

LN 

GROUP 

V/  c 

g/C 

C 

dl 

c 

d2 

3 

jelay  LO 

S 

Avg  Q 

E3 

LT 

1.62 

0.23 

47 

.0 

16 . 

9  7 

334 

596.41 

.  00 

613.38 

94.9 

E3 

X  .J. 

0  .  22 

0.23 

47 

.  0 

9  . 

94 

439 

0.04 

.00 

9  .  99 

3 

0  .  9 

E3 

RT 

0  .  42 

0  .23 

47 

.  0 

10  . 

57 

373 

0  .  47 

.  00 

11.04 

3 

W3 

LT- 

TH-RT 

0  .  34 

0.28 

47 

.  0 

10  . 

32 

879 

0  . 10 

.00 

10  .  42 

3 

2.7 

N3 

LT 

0  . 16 

0  .60 

47 

.0 

3  . 

24 

751 

0.01 

.00 

3  .  24 

A 

1 .  3 

N3 

m-- 

RT 

0.21 

0.60 

47 

.0 

3  . 

34 

1892 

0.01 

.00 

3  .  35 

A 

2  .  0 

S3 

LT- 

TH 

0  .  29 

0.38 

47 

.0 

7  . 

65 

1207 

0.04 

.00 

7  .68 

3 

2.7 

S3 

RT 

0  .  40 

0.38 

47 

.0 

3  . 

01 

517 

0.2" 

.00 

8  .  28 

3 

1 .  6 

DIR  Delay  LOS 
EB   4  2  2.02  F 
W3     10.42  3 
N3        3.32  A 

S3        7.91      3  ]  \ 

INTERSECTION  DELAY /=1 58 . 69   INTERSECTION  LOS=F 


THE  CYCLE  LENGTH  WITHIN  THE  30UNDS  OF  50  TO  100  SECONDS 
WHICH  MINIMIZES   CRITICAL  MOVEMENT  DELAY  IS      50.0  SECONDS 


FOR  A  V/C  RATIO  OF  .95  THE  CYCLE  SHOULD  3E  18.1  SECO'^^DS 
for  chosen  cycle  lerxgrh  65.0 

suggested  timing  phase  1  is  29.2  sees  green,  3.0 
suggested  timing  pnase  2  is  2.3  sees  green,  0.0 
suggested  timing  phase  3  is       9.8  sees  green,  3.0 


sees  ye--.ow 
sees  yellow 
sees  yellow 


rec  c^ear 
rea  c_ear 
red  clear 


APPENDIX  C 

ROUTE  3  AIR  QUALITY  ANALYSIS 


I 
I 


ENVIRONMENTAL  ASSESSMENT  / 
DRAFT  ENVIRONMENTAL  IMPACT  REPORT 


TRANSPORTATION  IMPROVEMENTS 

TO  ROUTE  3 

BURLINGTON,  BEDFORD,  BILLERICA,  CHELMSFORD 
LOWELL,  WESTFORD  AND  TYNGSBOROUGH 


U.S.  DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  HIGHWAY  ADMINISTRATION 

AND 

COMMONWEALTH  OF  MASSACHUSETTS 
DEPARTMENT  OF  PUBLIC  WORKS 


August  1988 


5.5  BASELINE  AIR  QUALITY 

The  purpose  of  this  section  is  to  discuss  existing  pol ltS&i^2fi^3^"" 
ment  status  in  the  Route  3  corridor  and  the  results  of  the^j^p^^e 
impact  analysis.  Since  the  purpose  of  this  study  is  to  evalu^^^^he 
air  quality  impact  from  vehicles,  the  pollutants  of  concern  are  ca^^jj^ 
monoxide  (CO),  nitrogen  oxides  (NO^)  and  non-methane  hydrocarbons 
(NMHC). 


Discussion  of  Air  Quality  Standards:  The  Clean  Air  Act  of  1970 
mandated  that  the  Environmental  Protection  Agency  (EPA)  establish 
ambient  ceilings  for  certain  criteria  pollutants  based  upon  the  latest 
scientific  information  regarding  all  identifiable  effects  a  pollutant 
may  have  on  public  health  or  welfare.  Subsequently,  EPA  promulgated 
regulations  which  set  National  Ambient  Air  Quality  Standards  (NAAQS). 
The  State  of  Massachusetts  has  established  ambient  air  quality 
standards  for  the  pollutants  of  concern,  which  are  the  same  as  the 
NAAQS.  Table  16  lists  the  state  and  national  ambient  standards  for 
these  pollutants. 


Section  107  of  the  1977  Clean  Air  Act  Amendments  requires  EPA  to 
publish  a  list  of  all  geographic  areas  in  compliance  with  the  NAAQS  as 
well  as  those  not  attaining  the  NAAQS.  Areas  not  in  compliance  with 
the  NAAQS  are  termed  nonattainment ,  and  those  meeting  the  NAAQS  are 
referred  to  as  attainment.  The  entire  State  of  Massachusetts  is 
designated  as  attaining  the  NAAQS  for  NO^  and  non-attaining  the  NAAQS 
for  Ozone.  The  City  of  Lowell  is  the  only  area  designated  as  non- 
attaining  the  NAAQS  for  CO  in  the  Route  3  corridor  based  on  DEQE 
ambient  monitoring  data. 

As  part  of  the  requirements  of  the  Clean  Air  Act,  states  must  formu- 
late a  State  Implementation  Plan  (SIP)  which  describes  what  measure 
will  be  undertaken  to  comply  with  and  maintain  the  NAAQS.  The 
Massachusetts  SIP  specifies  transportation  control  measures  for  the 
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TABLE  16 


SUMMARY  OF*  NATIONAL  AMBIENT  AIR  QUALITY  STANDARDS  (NAAQS) 
AND  MASSACHSUETTS  STATE  STANDARDS  FOR  THE 
POLLUTANTS  OF  CONCERN^ 


Pollutant 

Carbon^ 
nonoxlde 


Averaging 
Time 

8  Hours  Averag^' 
1  Hour  Average 


Standards 


Primary 


1 


Secondary' 


10  mg/m^  (9  ppm) 
40  mg/m    (35  ppm) 


none 


Nitrogen 
dioxide 


Annual 

Arithmetic  Mean 


100  ug/m    (.05  ppm)        sane  as  primary 


Ozone 


1  Hour  Average" 


240  ug/m     (.12  ppm)        same  as  primary 


Primary  standards  are  designed  to  protect  public  health. 

Secondary  standards  are  designed  to  protect  the  public  welfare  from  any  known  or 
anticipated  adverse  effects  of  a  pollutant. 

13 
Not  to  be  exceeded  more  than  once  a  year. 

I 

Sources:    Massachusetts  Ambient  Air  Quality  Standards,  Title  310;  40  CFR  50.4-50.12 
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non-attainment  areas.  The  Massachusetts  State  Implementation  Plan  (MA 
SIP)  was  approved  by  the  EPA  in  November  1983.  The  Federal  Highway 
Administration  (FHWA)  has  determined  that  both  the  transportation  plan 
and  transportation  improvement  programs  conform  to  the  SIP.  The  FHWA 
has  determined  that  this  project  is  included  in  the  transportation 
improvement  program  for  the  Northern  Middlesex  Area  Commission  (NMAC). 
Therefore,  pursuant  to  23  CFR  770,  this  project  conforms  to  the  SIP. 
The  air  quality  analysis  undertaken  for  this  project  was  coordinated 
with  the  OEQE,  the  EPA  and  the  Massachusetts  Department  of  Public 
Works  (MDPW). 

Based  on  the  findings  described  in  Chapter  4,  the  TSM  alternative  was 
not  analyzed  in  this  study.  The  level  of  excess  capacity  on  Route  3 
is  severe  and  precludes  any  realistic  chances  of  substantially 
improving  travel  conditions  by  introducting  TSM  measures.  Anything 
short  of  increasing  the  physical  capacity  of  Route  3  will  have  a 
negligible  effect  on  future  travel  conditions. 

Baseline  Condition  Modeling  Results:  Traffic  volume  and  travel  speeds 
for  the  AM/PM  peak  hours  and  the  highest  average  8-hour  period  for  the 
1984  baseline  conditions  were  used  in  a  microscale  air  quality 
^inalysis  to  determine  carbon  monoxide  (CO)  concentrations  at  selected 
receptors.  A  microscale  analysis  considers  traffic  flow  within  1600 
feet  (approximately  500  meters)  of  a  selected  location  (receptor), 
road  geometry  and  meteorological  factors  to  predict  CO  concentrations 
Vrom  vehicle  exhausts.  Computer  models  are  used  to  calculate  down 
wind  emissions  of  CO.    These  models  are  described  below. 

The  EPA  approved  M0BILE3  model  was  used  to  calculate  CO  free  flow  and 
Idle  emission  factors.  Queuing  emission  rates  for  ramps  and  stop 
lights  were  calculated  using  a  method  developed  by  EPA  Region  I.  The 
^PA  approved  CALINE3  model  was  used  to  determine  CO  concentrations  at 
{Selected  receptors  (see  Table  17  and  Figures  25  through  28).  The 
'^INE3  model  calculations  are  based  on  (1)  emission  factors  from 
fc'0BlLE3,  (2)  queuing  emission  rates  from  the  EPA  methodology,  (3) 
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TABLE  17 


RECEPTOR  LOCATIONS  USED  IN  THE  AIR  QUALITY  ANALYSIS  FOR 
THE  ROUTE  3  NORTH  ADD-A-LANE  PROJECT 


RECEPTOR 

Tlgure  25 

^oute  3»  Route  128  &  Mlddlessex  Turnpike 
No.  1 


^o.  2 


DESCRIPTION 


o.  3 
b.  4 


^o.  5 
|Io.  6 


fct^re  26 

Eute  3,  Route  62  &  Middlesex  Turnpike 

ifo.  7 
Jho.  8 

go,  9 
o.  10 

Ho.  11 


M/A  -  Components  in  Burlington, 
property  Just  off  Middlesex 
Turnpike. 

Burlington  Dodge,  Middlesex 
Turnpike . 

U.S.  Wlndpower,  Wheeler  Road 

House  at  North  Street  and 

Burlington  Street 

House  at  Partridge  Road. 

Just  off  Route  3  Mainline  North 

approximately  120  m  North  of 

On  Ramp. 


Computer  Vision  In  Bedford 

Stouffer's  Glen  Bedford  Inn, 

Middlesex  Turnpike 

House  at  end  of  Wilson  Road 

House  at  Lido  Lane  close  to 

Route  3  South 

House  at  Earl  Road 


figure  27 
Bout 


ite  3,  Lowell  Connector  &  495 
Ro.  12 
|o.  13 


House  approximately  96  m  south 
Route  3  south 

House  nearest  to  495/Route  3 
Interchange 


figure  28 

■^te  3  &  Middlesex  Road  Near  NH  Border 
14 
15 


Intersection  of  Middlesex  Road 
and  Route  3  On/Off  Ramps 
Just  off  Route  3  Mainline  North 
approximately  300  m  before  Off 
Ramp . 
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RECEPTOR  LOCATIONS  • 

BEDFORD 
MIDDLESEX  TURNPIKE  -  BEDFORD 
WILSON  ROAD 
LIDO  LANE 
EARL  ROAD 


1000' 


E  3  ADD-A-LANE  PROJECT  •  ENVIRONMENTAL  ASSESSMENT 


AIR  QUALITY  RECEPTOR  LOCATIONS 


FIGURE 
26 
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14       MIDDLESEX  ROAD/ROUTE  3  INTERCHANGE 
''<^/^»  15       ROUTE  3  -  300m  BEFORE  LOCUST  AVENUE 


ROUTE  3  ADD-A-LANE  PROJECT  •  ENVIRONMENTAL  ASSESSMENT 


AIR  QUALITY  RECEPTOR  LOCATIONS 


FIGURE 
28 
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meteorological  assumptions  as  specified  by  the  agencies,  and  (4)  road 
geometry/traffic  data.  More  detailed  information  on  the  models  and 
calculations  is  presented  in  Appendix  D. 

The  results  of  the  analysis  are  listed  in  Table  18.  Total  CO 
concentrations  represent  model  predicted  impacts  combined  with  EPA 
recommended  ambient  background  levels  of  3  ppm  and  2  ppm  for  the  1- 
and  8-hour  averaging  periods,  respectively.  The  concentrations  listed 
for  each  receptor  are  the  highest  CO  concentrations  predicted  at  that 
receptor  considering  all  wind  directions  (10"  through  360**). 

The  1-hour  CO  concentrations  are  less  than  the  1-hour  primary  NAAQS  of 
35  ppm.  The  8-hour  CO  concentrations  are  predicted  to  exceed  the 
NAAQS  at  receptors  1  and  2  near  Middlesex  Turnpike.  The  receptors  at 
Middlesex  Turnpike  have  high  predicted  concentrations  due  to  their 
proximity  to  the  turnpike,  and  frequency  of  traffic  queues  in  that 
area.  The  8-hour  CO  concentrations  are  less  than  the  8-hour  primary 
NAAQS  of  9  ppm  for  all  receptors  except  numbers  1  and  2  located  near 
Middlesex  Turnpike.  These  high  concentrations  are  predicted  as  a 
result  of  the  proximity  of  the  receptors  to  the  Turnpike. 
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6.5  AIR  QUALITY 

6.5.1        Future  Conditions  Modeling  Results 

Traffic  demand  volume  counts  and  travel  speeds  for  the  AM/PM  peak 
hours  and  in  some  cases,  the  highest  8-hour  period  for  the  1990  imple- 
mentation and  2010  design  conditions,  were  used  in  a  microscale  air 
quality  analysis  to  dptermine  carbon  monoxide  (CO)  concentrations  at 
selected  receptors.  The  modeling  methodology  used  to  perform  the 
analysis  is  described  in  Technical  Appendix  D.  For  the  future  condi- 
tions, EPA  recommended  the  following  ambient  CO  concentrations  be  used 
in  the  analysis: 

1990 

1-hour  background  of  2  ppm 
8-hour  background  of  1  ppm 

2010 

1-  and  8-  hour  background  of  1  ppm 

The  AM/PM  peak  hour  concentrations  were  determined  using  the  modeling 
techniques  in  the  referenced  appendix.  The  8-hour  concentration  was 
determined  by  scalinq  the  highest  peak  hour  concentration  by  a  factor 
of  0.7.  If  the  8-hour  concentrations  determined  by  using  this 
approach  exceed  the  CO  standard  of  9  ppm,  an  analysis  using  actual 
8-hour  traffic  counts  and  speeds  can  be  done.  This  was  the  case  for 
Receptors  4  and  5  near  Route  128  (see  Figure  25).  However, 
approximately  90  percent  of  the  concentrations  predicted  at  these 
receptors  were  contributed  from  Route  128.  Therefore,  by  using  8-hour 
counts  and  speeds  for  the  roadways  at  this  location,  especially  on 
Route  128,  the  predicted  8-hour  concentrations  decreased  below  the 
standard.  The  results  of  the  analysis  for  the  1990  and  2010 
conditions  are  listed  in  Tables  35  and  36  respectively.  The  net 
change  in  concentrations  (Build  minus  No  Build)  are  listed  in  Table 
38.    Results  for  each  analysis  year  are  discussed  separately  below. 


'4 
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1990 


The  1-  and  8-hour  total  concentrations  (predicted  plus  background  con- 
centration) detennined  for  1990  comply  with  the  ambient  CO  standards 
of  35  and  9  ppm  respectively  with  the  exception  of  the  8-hour  concen- 
trations at  Receptor  14  (see  Figure  28).  Receptor  14  was  originally 
chosen  to  represent  a  home  at  the  intersection  of  Middlesex  Road  and 
the  Route  3  on/off  ramps  near  the  New  Hampshire  border.  However,  this 
home  no  longer  exists  and  in  its  place  is  the  entrance  to  the  Pheasant 
Lane  Mall.  This  area  is  heavily  travelled  especially  during  the  PM 
peak  period.  The  8-hour  concentration  was  determined  by  scaling  the 
highest  peak  hour  concentration  by  a  factor  of  0.7. 

The  net  chanae  in  concentration  listed  in  Table  37  shows  that  con- 
centrations at  Receptors  1  and  2  at  Middlesex  Turnpike  decreases  from 
No  Build  to  Build  conditions.  This  is  attributable  to  vehicles  opting 
to  use  an  upgraded  Route  3  instead  of  Middlesex  Turnpike.  Concentra- 
tions on  Route  3  Mainline  either  increase  or  decrease  depending  on  the 
change  in  speed  and  volume.  In  some  cases  the  widening  of  Route  3 
brings  the  roadway  emissions  closer  to  the  receptor  resulting  in 
higher  concentrations.  But  in  no  case  are  concentrations  on  Route  3 
mainline  approaching  the  CO  standards. 


2010 


The  1-  and  8-hour  total  concentrations  determined  for  2010  comply  with 
the  ambient  CO  standards  of  35  and  9  ppm  respectively.  Due  to  a  de- 
crease in  CO  emission  factors  from  1990  to  2010  attributable  to  using 
EPA  approved  modeling  techniques,  the  8-hour  concentrations  predicted 
at  Receptor  14  comply  with  the  ambient  CO  standard. 

Again,  the  net  change  in  concentrations  listed  in  Table  37  show  that 
concentrations  at  Receptors  1  and  2  at  Middlesex  Turnpike  decrease 
from  No  Build  to  Build  conditions,  attributable  to  vehicles  opting  to 
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use  an  upgraded  Route  3.  Concentrations  on  Route  3  Mainline  either 
increase  or  decrease  depending  on  the  change  in  speed  and  volume. 
Again,  the  widening  of  Route  3  brings  the  roadway  emissions  closer  to 
the  receptor  resulting  in  higher  concentrations,  but  concentrations  on 
Route  3  Mainline  are  less  than  the  CO  standards. 
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TABLE  3i> 

RESULTS  OF  THE  1990  FUTURE  CASE  AIR  QUALITY  IMPACT  ANA 
FOR  THE  ROUTE  3  CORRIDOR 


Receptor 

Total 

CO  Concentrations 

(ppn) 

1990  No  Build 

1990  Build 

AM  Peak 

PM  Peak 

8-Hour 

AM  Peak    PM  Peak 

8-Hour 

Route  3, 

Route  128  &  Middlesex  Turnpike 

No.  1 

9.0 

9.6 

6.3 

7.9 

8.6 

5.6 

No.  2 

8.1 

8.8 

5.8 

7.4 

8.0 

5.2 

No.  3 

9.5 

8.5 

2.4 

10.0 

9.4 

3.1 

No.  4 

13,1 

11.6 

3.3 

13.9 

12.8 

4.0 

No.  5 

13.3 

12.0 

3.3 

14.1 

13.0 

3.9 

No.  6 

8.6 

8.0 

2.5 

9.3 

9.9 

3.0 

Route  3, 

Route  62 

&  Middlesex  Turnpike 

No.  7 

4.4 

5.0 

3.1 

4.8 

6.0 

3.8 

No.  8 

3.0 

2.9 

1.7 

3.0 

2.8 

1.7 

No.  9 

6.1 

6.6 

4.2 

7.7 

8.4 

5.5 

No.  10 

4.3 

4.6 

2.8 

4.6 

5.5 

3.5 

No.  11 

6.3 

6.6 

4.2 

7.0 

7.7 

5.0 

Route  3, 

Lowell  Connector  &  495 

No.  12 

4.4 

4.0 

2.7 

3.8 

4.6 

2.8 

No.  13 

4.4 

3.9 

2.7 

5.0 

4.5 

3.1 

Route  3  & 

Midlesex 

Road 

No.  14 

13.3 

14.9 

10.0 

13.9 

14.2 

9.5 

No.  15 

4.7 

5.9 

3.7 

4.5 

4.3 

2.8 

Note:    Total  concentrations  include  a  1-hour  and  8-hour  CO  backround 
concentration  of  2ppiD  and  Ippm  respectively. 
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TABLE  36 

RESULTS  OF  THE  2010  FUTURE  CASE  AIR  QUALITY  IMPACT  ANALYSIS 
FOR  THE  ROUTE  3  CORRIDOR 
Total  CO  Concentrations  (ppm) 
2010  No  Build  2010  Build 

Receptor     AM  Peak    PM  Peak    8-Hour  AM  Peak    PM  Peak  8-Hour 


Route  3,  Route  128  &  Middlesex  Turnpike 


No.  1 

7.7 

8.5 

6.3 

5.9 

6.5 

4.9 

No.  2 

7.0 

7.7 

5.7 

5.5 

6.2 

4.6 

No.  3 

9.8 

8.6 

4.2 

10.3 

9.1 

4.7 

No.  4 

13.5 

11.9 

5.9 

14.3 

13.1 

6.6 

NO .  3 

14.6 

12.8 

5.9 

15.2 

13 . 5 

6.3 

tin  C 

NO .  0 

8.3 

7.5 

3.7 

10 . 0 

8 . 4 

4.0 

Route  3, 

Route  62 

&  Middlesex 

Turnpike 

no .  / 

3.3 

3.7 

2.9 

4.2 

4.8 

3.7 

NO.  o 

1.8 

1.7 

1.6 

1.8 

1.6 

1.6 

No.  9 

4.7 

5.3 

4.0 

6.2 

6.7 

5.0 

No.  10 

3.1 

3.2 

2.5 

3.9 

4.3 

3.3 

No.  11 

4.9 

5.4 

4.1 

5.9 

6.3 

4.7 

Route  3, 

Lowell  Connector  &  495 

No.  12 

3.3 

3.0 

2.6 

2.9 

2.7 

2.3 

No.  13 

3.7 

2.8 

2.9 

3.5 

3.1 

2.8 

Route  3 

t  Midlesex 

Road 

No.  14 

10.0 

11.4 

8.3 

10.2 

11.0 

8.0 

No.  15 

3.9 

4.9 

3.7 

2.8 

3.0 

2.4 

Note:    Total  concentrations  include  a  1-hour  and  8-hour  CO  backround 
concentration  of  Ippa  and  Ippm  respectively. 
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TABLE  37 


NET  CHANGE  IN  CO  CONCENTRATIONS 
NO  BUILD  -  BUILD  CONDITIONS 


Net  Change  in  CO  Concentrations  (ppm) 

19^0_  _        •   2010 

Receptor  AM  Peak     PM  Peak     8-Hour         AM  Peak     PM  Peak  8-Hour 


■J » 

i  cO  01 

Middlesex  Turnpike 

Nn  1 

-  1  1 

-1.0 

-0.7 

- 1  ft 

- 1 . 4 

Nn  ? 

-f)  7 

-0.8 

-0.6 

+0.9 

+0.7 

Nn  4. 

+  1.2 

+0.7 

+n  7 

Nn  S 

+0.8 

+  1.0 

+0.6 

+n  7 

Nn  fi 

+0.7 

+1.9 

+0.5 

+  1  7 

Rnii  t'  o 

-3 

R  m  i  t'  o 

62,  & 

Middlesex  Turnpike 

No.  7 

+0.4 

+  1.0 

+0.7 

+n  Q 

+  1  1 

No.  8 

0.0 

-0.1 

0.0 

n  n 

No.  9 

+1.6 

+  1.8 

+  1.3 

+1.5 

+1.4 

+1.0 

No.  10 

+0.3 

+0.9 

+0.7 

+0.8 

+  1.1 

+0.8 

No.  11 

+0.7 

+1.1 

+0.8 

+1.0 

+0.9 

+0.6 

Route 

3, 

Lowel 1 

Connector  &  495 

No.  12 

-0.6 

+0.6 

+0.1 

-0.4 

-0.3 

-0.3 

No.  13 

+0.6 

+0.6 

+0.4 

-0.2 

+0.3 

-0.1 

Route  3  &  Middlesex  Turnpike 

No.  14 

+0.6 

-0.7 

-0.5 

+0.2 

-0.4 

-0.3 

No.  15 

-0.2 

-1.6 

-0.7 

-1.1 

-1.9 

-1.3 
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6.5.2        Mesoscale  Analysis 


As  part  of  the  air  quality  analyses  required  for  the  Route  3  Add-A- 
Lane  study,  a  Mesoscale  Analysis  was  performed.  A  mesoscale  analysis 
considers  pollutant  emissions  from  vehicles  over  a  large  area.  In 
this  case,  all  of  the  Route  3  main  line  was  analyzed.  The  parameters 
used  in  this  analysis  are  the  average  daily  traffic  (ADT)  and 
associated  travel  speeds  for  various  segments  on  Route  3.  The  MOBILE 
3  model  was  used  to  compute  emission  factors  (mass  of  pollutants 
emitted  per  mile)  of  carbon  monoxide  (CO),  nitrogen  oxides  (NO^^)  and 
non-methane  hydrocarbons  (NMHC),  for  the  travel  speeds  for  each 
section  of  Route  3.  The  average  daily  traffic  on  each  section  was 
multiplied  by  the  emission  factor  representing  the  travel  speed  on  the 
section  and  then  by  the  length  (miles)  of  the  section,  to  determine 
the  daily  pollutant  emissions  (tons  per  day).  The  pollutant  emissions 
were  summed  for  each  section  to  determine  the  total  emissions  from 
Route  3  mainl ine. 


The  objective  of  this  analysis  was  to  compute  emissions  of  carbon 
monoxide  (CO),  nitrogen  oxides  (NO^^)  and  non-methane  hydrocarbons 
(NMHC)  for  Route  3  and  to  determine  the  change  in  pollutant  emissions 
for  each  year  and  alternative  from  the  No  Build  to  Build  configura- 
tions over  each  study  year.  The  results  of  the  analysis  for  CO,  NO^^ 
and  NMHC  are  presented  in  Appendix  D.  A  summary  of  the  total  daily 
emissions  of  pollutants  from  Route  3  is  presented  below. 

 Emissions  (Tons/Day)  


Condition  CO  NO^^  NMHC 


1984  No  Build  25.7  6.00  4.27 

1990 

No  Build  34.2  3.84  4.39 

Build  18.2  5.54  3.57 


2010 

No  Build  68.7  4.53  7.22 

Build  16.2  4.98  3.23 
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CO  emissions  decrease  by  76  percent  from  the  2010  No  Build  to  Bui^J^J^**^ 
condition  because  as  vehicle  speeds  increase,  due  to  the  additional  ^  ' 
lane,  CO  emissions  will  decrease.  NOj^  emissions  increase  by  1  percent 
from  the  2010  No  Build  to  Build  condition.  The  emissions  of  NO^^ 
increase  as  engine  temperature  increases.  Therefore,  NO^  emissions 
increase  at  highway  speeds  (50  mph  and  greater)  and  at  very  low  speeds 
(5-10  mph)  as  a  result  of  the  increased  engine  temperature.  For 
example  the  emissions  of  NOw  from  an  engine  are  about  8%  higher  at  50 
mph  as  compftsed  to  30  mph.  The  emissions  at  10  mph  are  about  25  to 
30%  higher  as  compared  to  30  mph.  Hence,  a  slight  increase  in  NO^^ 
emissions  between  the  Build  and  No  Build  condition  occurs.  NMHC 
emissions  decrease  by  55  percent  from  the  2010  No  Build  to  Build 
condition.  Like  CO,  NMHC  emissions  decrease  as  vehicle  speed  in- 
creases. Consequently,  NMHC  emissions  are  reduced  due  to  an  increase 
in  vehicle  speeds  as  a  result  of  the  additional  lane. 
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6.5.3        CoHector-Pistributor  Roadway  fO^^^^^^ffiljf 

Traffic  volumes  and  travel  speeds  for  the  AM/PM  peak  hours  and  highest 
average  8-hour  period  for  1990  and  2010,  were  used  to  determine  carbon  ^^5( 
monoxide  (CO)  concentrations  along  Route  3  near  1-495  and  the  Lowell 
Connector  resulting  from  the  proposed  collector-distributor  (C-D) 
roadway  configuration.  Traffic  volumes  and  speeds  are  not  projected 
to  change  on  1-495  or  the  Lowell  Connector  due  to  the  C-0  configura- 
tion. Only  Route  3,  along  the  length  of  the  C-D  roadway  will  exper- 
ience changes  in  demand  volume  and  vehicle  speeds.  Concentrations  at 
Receptors  12  and  13  (located  just  south  of  the  C-D,  and  near  the 
southbound  C-D  roadway  respectively)  were  evaluated  due  to  the  pro- 
jected change  in  traffic  distribution  on  Route  3  and  the  C-D. 

The  modeling  methodology  used  in  the  analysis  is  described  in  Section 
6.5.2.  The  EPA  recommended  CO  background  concentrations  for  1990  and 
2010  are  the  same  as  those  cited  in  Section  6.5.1  "Future  Conditions 
Modeling  Results". 

The  results  of  the  analysis  for  the  1990  and  2010  C-D  roadway  config- 
uration are  presented  in  Table  38.  Results  of  the  analysis  without 
the  C-D  roadway  are  presented  in  Tables  35  and  36.  The  concentrations 
listed  in  the  table  include  the  EPA  recommended  CO  background  concen- 
trations. The  C-D  roadway  analysis  concentrations  were  then  compared 
with  the  1990  and  2010  Build  concentrations  assuming  no  C-O  roadway 
construction.  The  net  change  (C-D  roadway  minus  no  C-D  roadway 
concentration)  in  carbon  monoxide  concentrations  for  each  time  period 
is  listed  in  Table  39.  As  can  be  seen  from  the  table,  slight  increas- 
es in  the  CO  concentration  resulted  from  the  C-D  roadway  configuration 
for  some  time  periods.  CO  concentrations  will  increase  slightly 
because  C-D  roadway  placement  brings  roadway  emissions  closer  to  these 
two  receptors.  However,  the  collector-distributor  roadway  also 
diverts  traffic  from  Route  3  thus  increasing  speeds  on  that  roadway 
and  thereby  reducing  CO  emissions.  This  decrease  in  emissions  helps 
to  offset  the  increases  in  concentration  noted  above  so  that  in  some 
cases  there  is  no  change  or  even  a  small  decrease  in  CO  concentrations 
given  a  C-D  roadway  configuration. 
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RESULTS  OF  THE  1990  AND  2010 
AIR  QUALITY  IMPACT  ANALYSIS 
FOR  THE  PROPOSED  COLLECTOR-DISTRIBUTOR  ROADWAY 

★ 

Total  CO  Concentrations  (ppm) 
1990  Build  2010  Build 


Receptor                AM  Peak    PM  Peak  8-Hour     AM  Peak    PM  Peak  8-Hour 

(1  Hour)  (1  Hour)  (1  Hour)  (1  Hour) 

Route  3,  Lowell  Connector  &  495 

No.  12                      4.3          4.6  1.6             3.7         5.0  1.8 

No.  13                      3.5          3.6  1.7             2.9         3.0  1.8 

*  Total  Concentration  includes  the  following  EPA  recommended  back- 
ground concentrations  (ppm). 

1990  2010 

1-Hour  2  1 

8-Hour  1  1 
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NET  CHANGE  IN  CO  CONCENTRATIONS  FOR  Or. 
THE  C-D  ROADWAY  VERSUS  NO  C-D  ROADWAY 


Net  Change  CO  Concentrations  (ppm) 
1990  2010 


Receptor  AM  Peak    PM  Peak    8-Hour     AM  Peak    PM  Peak  8-Hour 

(1  Hour)  (1  Hour)  (1  Hour)  (1  Hour) 

Route  3,  Lowell  Connector  &  495 

No.  12  -0.1       +0.6       -1.1  -0.1       +0.4  -1.0 

No.  13  -0.8       -0.3       -1.0  -2.1       -1.5  -1.5 

*  Net  change  in  (C-D  Roadway  minus  no  C-D  Roadway)  Concentration. 


VI-  116 


i 


,1 
I 


ENVIRONMENTAL  ASSESSMENT  / 
DRAFT  ENVIRONMENTAL  IMPACT  REPORT 


TRANSPORTATION  IMPROVEMENTS 

TO  ROUTE  3 

BURLINGTON,  BEDFORD,  BILLERICA,  CHELMSFORD 
LOWELL,  WESTFORD  AND  TYNGSBOROUGH 


TECHNICAL  APPENDIX 


U.S.  DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  HIGHWAY  ADMINISTRATION 

AND 

COMMONWEALTH  OF  MASSACHUSETTS 
DEPARTMENT  OF  PUBLIC  WORKS 

August  1988 


APPENDIX  D 
AIR  QUALITY 


.      detailed    information    on    the    mesoscale  air 
This    Appendix    presents    detailed  describes  the 

quality  analysis  conducted  for  this  P-^-'     ^^^^  ^ 
approach   used    for    this    analysis    and  the 
calculation  and  the  findings  of  the  analysis. 


INDIRECT  SOURCE  AIR  QUALITY  MODELING  APPROACH 

The  indirect  source  modeling  methodology  used  to  determine 
air  quality  impacts  is  described  in  this  Appendix.     The  models 
and  methodology  were  applied  in  accordance  with  the  EPA  and 
Massachusetts  DEQE  recommended  procedures.     The  methodology  was 
also  submitted  to  Maguire  on  December  2.   1986  who  distributed 
copies  to  both  agencies  for  their  review  and  comment.  The 
protocol  was  discussed  with  the  EPA,  DEQE  and  DPW  at  a  meeting 
on  January  5.   1987.     The  agencies  have  agreed  with  the  models 
and  methodology  used  as  described  below. 

M0BILE3 

The  EPA  approved  MOBILES  model  was  used  to  compute 
emission  factors  for  carbon  monoxide  (CO),  oxides  of  nitrogen 
(NO^)  and  hydrocarbons  from  motor  vehicles.     K0BILE3  emission 
estimates  depend  on  various  conditions  such  as: 

o        calendar  year  for  which  emission  are  calculated 
o        vehicle  distribution  mixture  (i.e.,   percent  cars 

versus  percent  trucks  and  buses) 
o        vehicle  speed 
o        ambient  temperature 

o        Inspection/Maintenance  (I/M)  and  ant i- tampering 
programs . 

The  model  primarily  uses  the  above  conditions  to  weight 
emissions  from  the  past  twenty  years  to  determine  the  pollutant 
emission  factors.     The  M0BILE3  model  inputs  used  in  this  study 
are  listed  in  Table  1. 

The  MOBILES  model  computes  free  flow  emission  factors 
(gm/mile)  and  idle  emission  factors  (gm/min)  for  the  three 
pollutants.     Free  flow  emissions  simply  means,   emissions  from 
vehicles  when  they  are  moving  at  any  speed  (i.e..   5-55  mph) . 
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Idle  emissions  ace  the  pollutants  emitted  when  a  vehicle  is^ 
idling  (stopped)  at  a.light  or  in  traffic.  These  two  emissi 
factocs  ace  used  in  the  analysis  to  describe  total  emissions 
from  vehicles  at  an  intersection. 


CALINE3 


The  EPA  approved  CALINE3  model  was  used  to  compute 
downwind  pollutant  concentrations  from  road  segments  and 
intersections  based  on  the  following  input  information. 


1) 
2) 


free  flow  emission  rates  from  M0BILE3 

vehicle  queue  emissions  and  lengths  from  EPA  Region  I 


methodology  (described  below) 

3)  roadway  and  intersection  geometries  and  receptor 
locations 

4)  meteorological  data 

5)  surface  roughness  length 

A  brief  discussion  of  the  input  parameters  is  presented  below. 

1)  &  2)  CO  emission  rates:     The  free  flow  and  queue  emission 
rates  discussed  in  this  Appendix 

3)  Intersection  Geometries:     The  CALINE3  model  requires 
each  roadway  segment  to  be  described  in  the  model  as 
a  line  source.     Based  on  schematic  drawings  and  field 
visits  to  verify  receptor  locations.  ERT  prepared 
roadway  configurations  for  input  to  the  model. 

4)  Meteorological  Data:     EPA  recommended  meteorological 
data  was  used  for  the  CALINE3  modeling.     This  data 
consisted  of: 

o        wind  speed  of  1  m/s; 

o        neutral  atmospheric  stability;  and 

o        36  wind  directions  from  10"  through  360". 
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5) 


The  results  presented  in  this  study  reflect  the 
highest  coacentrations  predicted  for  all  36  wind 
directions.     The  use  of  this  data  produces 
conservative  results. 

surface  Roughness:     The  CALINE3  model  accounts  for 
the  surface  roughness  of  the  study  area.  Surface 
roughness  is  a  measure  of  the  mechanical  turbulence 
generated  by  air  movement  over  a  surface.     As  the 
toughness  of  the  surface  increases,  so  does  the 
amount  of  mechanical  turbulence.     For  example,  more 
mechanical  turbulence  (wind  eddies)  is  generated  by 
air  movement  over  a  city  due  to  tall  buildings  than 
is  generated  by  movement  over  a  grassland.  The 
increases  mechanical  turbulence  enhances  the 
dispersion  of  pollutants.     The  CALINE3  model 
documentation  recommends  surface  roughness  variables 
for. different  various  types  of  surfaces.     For  this 
study.  ERT  used  a  surface  roughness  of  20  cm 
reflecting  a  mixed  environment  from  pavement  to  small 
trees  and  shrub  on  either  side  of  Route  3  mainline  nd 
exit  ramps. 

The  CALINE3  model  was  used  with  the  above  input  information  to 
compute  AM/PM  peak  hour  and  8-hour  CO  concentrations. 

Queue  Emissions  and  Length  Analysis 

When  vehicles  are  stopped  at  a  light  or  in  traffic,  the 
pollutants  emitted  from  an  intersection  depend  on  the  idle 
emissions  and  the  length  of  the  vehicle  queue  over  which  the 
pollutants  are  emitted.     The  EPA  Region  I  office  has  devised  a 
methodology  to  compute  the  queue  emissions  based  on  idle 
emission  factors  from  M0BILE3.   the  volume  of  vehicles  traveling 
through  an  intersection,   the  signal  cycle  time,   and  number  of 
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la.es  in  an  lace.sectloa.     This  methodology  has  been  cevxe-ed 
by  Che  DEQE  aad  has  beea  approved  for  use  oa  this  study, 
desctiptioh  of  this  pcoceduce  is  ptesehted  below. 

CALINES  analyzes  CO  conceatrations  £co«  roadways  by 
bcea.iag  a  highway  cohf iguratioh  ihto  parts  called  Ua.s.  Each 
liaK  must  have  the  following  input  data:  the  X  and  Y 
coordinates  of  the  beginning  and  end  points  of  the  Unl..  the 
type  of  Un<.  the  vehicles  per  hour  on  the  linK.  the  em.ss.on 
factor  foe  the  vehicles  on  the  Unlc.  the  height  of  the  linic 
with  respect  to  adjacent  terrain  and  the  width  of  this  m.xxng 
cell . 

When  analyzing  an  intersection  with  CRLINE3.  one  enters 
all  data  for  the  free  flow  links  as  discussed  in  the  user's 
guide.     Then  calculation  of  the  queue  lengths  for  the 
Ipproaching  lin.s  using  appropriate  traffic  modeling  procedures 
be  done.     For  this  analysis,  the  length  of  a  -n-ie  gueue 
was  determined  by  using  the  EPA  approved  procedures  described 
in  volume  9  of  the  ■•Guidelines  for  Air  Quality  Maintenance 
Planning  and  Analysis".     These  procedures  were  also  approved  by 
the  agencies  for  this  study.     The  remaining  input  data,  except 
for  the  vehicles  per  hour  (VPH)  and  emission  factors  (EF).  are 
determined  the  same  way  for  the  queuing  links  as  they  are  for 
the  free  flow  links.     The  VPH  and  EF  for  the  queuing  links  are 
developed  from  idle  emission  factors  obtained  from  the  EPA 
MOBILES  model. 

Hocmally.  the  Inputs  for  VPH  (numbers  of  vehicles)  and  the 
EF  (grans  per  vehicle  mile)  are  converted  by  0.1726  into 
microgram  per  meter-second  in  the  equation  (from  page  B-4  of 
the  CALINE3  users  manual)  for  the  Linear  Source  Strength 
Ql-(0  1726)X(VPH)X(EF).     But.   the  idle  EF  is  in  grams  per 
vehicie-nihute  rather  than  grams  per  vehicle-mile.  Therefore. 
EPA  recommends  a  procedure  that  hand  calculates  the  Total 
Linear  Source  Strength  and  then  creates  dummy  VPH  and  EF  input 
data  that  will  result  in  the  hand  calculted  Linear  Source 
Strength  being  used  for  the  queuing  link.  • 
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In  order  to  hand  calculate  the  Linear  Source  Strength, 
conversion  of  an  idle  EF .  in  units  of  grams  per  vehicle-minute 
to  micrograms  per  meter-second  must  be  done.     Grams  per 
vehicle-minute  converts  to  micrograms  per  vehicle-minute  by 
multiplying  by  a  million.     Micrograms  per  vehicle-minute 
converts  to  micrograms  per  vehicle-second  by  dividing  by  60 
seconds.     Finally,   if  one  assumes  a  vehicle  is  approximately  6 
meters  long  in  a  queue,   then  micrograms  per  vehicle-second 
converts  to  micrograms  per  meter  second  by  dividing  by  6. 
These  conversions  are  the  equivalent  to  multiplying  the  idle  EF 
by  2778.     Thus  by  converting  the  units  of  the  idle  emission 
factor,  the  Linear  Source  Strength  for  one  traffic  lane,  for 
one  meter  over  one  second  can  be  determined.     To  determine  the 
total  Linear  Source  strength  for  a  queuing  link,   one  must 
account  for  the  total  number  of  lanes  in  the  queue  link  and  the 
percent  of  time  the  vehicles  can  be  expected  to  be  ideling  in 
the  queue  link.     This  can  be  done  by  multiplying  the  Linear 
Source  Strength  for  one  lane,  for  one  meter  over  on  second  by 
the  number  of  lanes  in  the  link  and  the  percent  of  ted  light 
cycle  time.    This  is  shown  below. 

=  (M0BILE3  Idle  Factor)  x  (2778)  x  (Number  of  lanes)  x 
(Percent  Red  Light  Time) 


By  doing  this,   the  total  Linear  Source  Strength  (Q)^  for 
each  queuing  link  is  determined.     The  objective  is  to  get 
CALINE3  to  use  this        for  the  queuing  links.     CALINE3  uses 
the  equation  Q1=(0. 1726X(VPH)X(EF) .   therefore  appropriate  input 
data  that  will  result  in  CALINE3  using  the  previously 
calculated        must  be  determined.     Since  the  VPH  is  known 
from  traffic  data,   the  appropriate  EF  for  input  to  CALINE3 
based  on        is  determined  as  follows. 


EF  = 


(  .  1726  X  VPH) 

Now  both  the  EF  and  VPH  which  CALINE3  uses  to  calculate 
the  appropriate        can  be  input  to  the  model. 
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TABLE  1 


M0BILE3  INPUT  PARAMETERS  FOR  THE  INDIRECT  SOURCE  ANALYSIS 


Parameter  Value 

TAMFLG  1 
SPDFLG  1 
VMFLG^  1 
MYMRFG  1 
NEWFLG  1 
IMGLF^  2 
ALHFLG  1 
ATPFLG  1 
IFORM  4 
PRTFLG  4 
ICEVFG  1 
IDLFLG  2 
NMHFLG  2 
AMBT(°F  by  pollutant)  CO  30° 

NOx/NMHC  75° 

1-Hour  8 -Hour 

PCCN  50.0  20.6 

PCHC  10.0  27.3 

PCCC  50.0  20.6 


VMT  Mix  Record 

Model  default  assumes  national  vehicle  mix 
Inspection/Maintenance  Record 

83, 13,1,*, 20, 4, 1,2,1      where  *  equals  run  year  minus  15 
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TABLE  D-1 

RESULTS  OF  THE  ROUTE  3  MESOSCALE  ANALYSIS 
FOR  NON-METHANE  HYDROCARBONS 


198A  Pollutant  Burden  Ton/Day 


Road  Segments 
Between 

Route  128 
Route  62 

Route  62 
Concord  Rd, 


CO 


NMHC 


NO, 


Route  129 
Lowell  Conn. 

Lowell  Conn. 
Route  1-495 

Route  1-495 
Route  110 

Route  110 
Drum  Hill 

Drum  Hill 
Route  40 

Route  40 
Westford  Rd. 

Westford  Rd. 
Route  113 

Route  113 
Middlesex  Rd. 

Middlesex  Rd. 
State  Line 


NB 
SB 

NB 
SB 


Concord  Rd.  NB 

Treble  Cove  Rd.  SB 

Treble  Cove  Rd.  NB 

Route  129  SB 


NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 


2.86 


4.94 


1.95 


3.12 


0.87 


0.89 


0.62 


2.63 


2.39 


2.22 


1.60 


0.88 


0.39 


0.48 


0.84 


0.33 


0.53 


0.14 


0.14 


0.10 


0.44 


0.40 


0.38 


0.27 


0.15 


0.07 


0.67 


1.15 


0.46 


0.73 


0.19 


0.21 


0.15 


0.59 


0.57 


0.55 


0.41 


0.22 


0.10 


TOTAL  25.36  4.27  6.00 
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TABLE  D-2 

RESULTS  OF  THE  ROUTE  3  MESOSCALE  ANALYSIS 
FOR  CARBON  MONOXIDE 


'load  Segments 
Between 


1984 


Dally  Pollutant  Burden  for  CO  (Tons/Day) 


1990 


2010 


No  Build         No  Build 


Build  No  Build 


Build 


oute  128 
oute  62 

|3ute  62 
oncord  Rd. 


NB 
SB 

NB 
SB 


2.86 


4.94 


2.41 


3.80 


8.69 


13.31 


1.99 


3.12 


Ijjncord  Rd.  NB 
teble  Cove  Rd.  SB 


1.95 


1.31 


5.58 


1.29 


peble  Cove  Rd. 
!)ute  129 

|j)ute  129 
Lwell  Conn. 

)well  Conn, 
mte  1-495 

liute  1-495 
•ute  110 

lute  110 
Mm  Hill 

urn  Hill 
Bute  40 

ute  40 
Hstford  Rd. 

t»tford  Rd. 
ite  113 
ute  113 
ddlesex  Rd. 


i 


idlesex  Rd. 
ite  Line 


NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 

NB 
SB 


3.12 


.87 


.89 


.62 


2.63 


2.39 


2.22 


1.60 


0.88 


0.39 


2.21 


0.63 


0.56 


0.40 


2.10 


1.74 


1.39 


0.94 


0.52 


0.23 


9.69 


2.87 


0.38 


1.59 


9.10 


7.36 


4.91 


3.13 


1.51 


0.58 


2.01 


0.50 


0.42 


0.41 


1.83 


1.72 


1.30 


0.86 


0.46 


0.21 


'AL 


25.36 


18.24 


68.70 


16. 12 
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TABLE  D-2 

RESULTS  OF  THE  ROUTE  3  MESOSCALE  ANALYSIS 
FOR  CARBON  MONOXIDE 


Road  Segments 
Between 


1984 


Dally  Pollutant  Burden  for  CO  (Tons/Day) 


1990 


2010 


No  Build         No  Build 


Build         No  Build 


Build 


Route  128  NB 

Route  62  SB 

Route  62  NB 

Concord  Rd.  SB 

Concord  Rd.  NB 

Treble  Cove  Rd.  SB 

Treble  Cove  Rd.  NB 

Route  129  SB 

Route  129  NB 

Lowell  Conn.  SB 

Lowell  Conn.  NB 

Route  I-A93  SB 

Route  1-495  NB 

Route  110  SB 

Route  110  NB 

Drua  Hill  SB 

Drum  Hill  NB 

Route  40  SB 

Route  40  NB 

Westford  Rd.  SB 

Westford  Rd.  NB 

Route  113  SB 

Route  113  NB 

Middlesex  Rd.  SB 

Middlesex  Rd.  NB 

State  Line  SB 


2.86 


4.94 


1.95 


3.12 


.87 


.89 


.62 


2.63 


2.39 


2.22 


1.60 


0.88 


0.39 


2.41 
3.80 
1.31 
2.21 
0.63 
0.56 
0.40 
2.10 
1.74 
1.39 
0.94 
0.52 
0.23 


8.69 


13.31 


5.58 


9.69 


2.87 


0.38 


1.59 


9.10 


7.36 


4.91 


3.13 


1.51 


0.58 


1.99 


3.12 


1.29 


2.01 


0.50 


0.42 


0.41 


1.83 


1.72 


1.30 


0.86 


0.46 


0.21 


TOTAL 


25.36 


18.24 


68.70 


16. 12 
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TABLE  D-3 

RESULTS  OF  THE  ROUTE  3  MESOSCALE  ANALYSIS 
FOR  NITROGEN  OXIDES 


Road  Segments 
Between 


1984 


NO    Emissions  (Tons/Day) 


1990 


2010 


No  Build         No  Build 


Build         No  Build 


Build 


Route  128  NB 

Route  62  SB 

Route  62  NB 

Concord  Rd.  SB 

Concord  Rd.  NB 

Treble  Cove  Rd.  SB 

Treble  Cove  Rd.  NB 

Route  129  SB 

Route  129  NB 

Lowell  Conn.  SB 

Lotfell  Conn.  NB 

koute  1-495  SB 


0.67 


1.15 


0.46 


0.73 


0.19 


0.21 


0.69 


1.09 


0.41 


0.66 


0.17 


0.20 


0.53 


0.77 


0.34 


0.59 


0.16 


0.12 


0.59 


0.92 


0.38 


0.59 


0.15 


0.17 


Route  1-495 
|Route  110 

Route  110 
ADrum  Hill 


NB 
SB 

NB 
SB 


0.15 


0.59 


0.12 


0.60 


0.10 


0.57 


0.12 


0.54 


"Drum  Hill 
.Route  40 


NB 
SB 


0.57 


0.55 


0.50 


0.51 


Iftoute  40 

*estford  Rd. 

Ifestford  Rd. 
loute  113 


NB 
SB 

NB 
SB 


0.55 


0.41 


0.47 


0.32 


0.37 


0.27 


0.45 


0.31 


»loute  113 
flddlesex  Rd. 

Iflddlesex  Rd. 
Itate  Line 


NB 
SB 

NB 
SB 


0.22 


0.10 


0.18 


0.08 


0.15 


0.06 


0.17 


0.08 


•OTAL 


6.00 


5.54 


4.53 


4.98 


VI- 


TABLE  D-3 

RESULTS  OF  THE  ROUTE  3  MESOSCALE  ANALYSIS 
FOR  NITROGEN  OXIDES 


 ^ 

Emissions 

(Tons/Day) 

Road  Segments 

1984 

1990 

2010 

Between 

No  Build 

No  Build 

Build 

No  Build  Build 

Route  128 
Route  62 

NB 
SB 

0.67 

0.69 

0.53 

0.59 

Route  62 
Concord  Rd. 

NB 
SB 

1.15 

1.09 

0.77 

0.92 

Concord  Rd. 
Treble  Cove  Rd. 

NB 

SB 

0.46 

0.41 

0.34 

0.38 

Treble  Cove  Rd. 
Route  129 

NB 
SB 

0.73 

0.66 

0.59 

0.59 

Route  129 
Lowell  Conn. 

NB 
SB 

0.19 

0.17 

0.16 

0.15 

Lowell  Conn. 
Route  1-495 

NB 
SB 

0.21 

0.20 

0.12 

0.17 

Route  1-495 
Route  110 

NB 
SB 

0.15 

0.12 

0.10 

0.12 

Route  110 
Drum  Hill 

NB 
SB 

0.59 

0.60 

0.57 

0.54 

Drum  Hill 
Route  40 

NB 
SB 

0.57 

0.55 

0.50 

0.51 

Koute 

West ford  Rd. 

Ills 
SB 

n  c  Q 
U .  J  J 

U.t»7 

U.J/ 

Westford  Rd. 
Route  113 

NB 
SB 

0.41 

0.32 

0.27 

0.31 

Route  113 
Middlesex  Rd. 

NB 
SB 

0.22 

0.18 

0.15 

0.17 

Middlesex  Rd. 
State  Line 

NB 
SB 

0.10 

0.08 

0.06 

0.08 

TOTAL 

6.00 

5.54 

4.53 

4.98 

VI- 


Road  Segments 
Between 


TABLE  D-A 

RESULTS  OF  THE  ROUTE  3  MESOSCALE  ANALYSIS 
FOR  NON-METHANE  HYDROCARBONS 

 NMHC  Emissions  (Tons/Day) 


1984 


1990 


2010 


No  Build 


No  Build 


Build 


No  Build 


Build 


I  Route  128  NB 

Route  62  SB 

Route  62  NB 

Concord  Rd.  SB 

Concord  Rd.  NB 

Treble  Cove  Rd.  SB 

Treble  Cove  Rd.  NB 

Route  129  SB 

Route  129  NB 

Lowell  Conn.  SB 

Lowell  Conn.  NB 

Route  1-495  SB 

Route  1-495  NB 

Route  110  SB 

Route  110  NB 

Drum  Hill  SB 

Drxim  Hill  NB 

Route  40  SB 

Route  40  NB 

Westford  Rd.  SB 

IWestford  Rd.  NB 

iRoute  113  SB 


Route  113  NB 

Middlesex  Rd.  SB 

Middlesex  Rd.  NB 

State  Line  SB 


0.48 


0.84 


0.33 


0.53 


0.14 


0.14 


0.10 


0.44 


0.40 


0.38 


0.27 


0.15 


0.07 


0.46 


0.73 


0.26 


0.43 


0.12 


0.11 


0.08 


0.40 


0.35 


0.28 


0,19 


0.11 


0.05 


0.90 
1.37 
0.58 
1.00 
0.30 
0.08 
0.17 
0.94 
0.77 
0.52 
0.35 
0.17 
0.07 


0.39 


0.61 


0.25 


0.40 


0.10 


0.09 


0.08 


0.36 


0.34 


0.27 


0.19 


0.10 


0.05 


TOTAL 


4.27 


3.57 


7.22 


3.23 


VI- 


APPENDIX  D 
ROUTE  38  AIR  QUALITY  ANALYSIS 


AIR  QUALITY 


INTRODUCTION 


An  air  qiiality  assessment  was  completed  piirsuant  to  the  Massachusetts 
Environmental  Protection  Agency's  (MEPA)  draft  record  of  decision  reqxiiring  a 
microscale  analysis  for  carbon  monoxide  based  on  the  K-Mart  expansion  at 
Stadiiim  Plaza  project  (EOEIA  #8797)  in  Lowell,  Massachusetts.  The  air  quality 
analysis  was  completed  in  conformance  with  the  Department  of  Environmental 
Protection,  Division  of  Air  Quality  (DEP/DAQC)  guidelines.  The  MEPA  unit  has 
determined  a  microscale  analysis  for  carbon  monoxide,  CO,  is  warranted  based 
on  the  proposed  increase  in  daily  traffic  associated  with  the  proposed  K-Mart 
DEP/DAQC  requires  quantification  of  existing  and  future  air  quality  to  estimate 
the  impact  of  the  project  and  resultant  mitigation  if  necessitated. 

The  study  scope  for  air  quality  is  to  determine  if  the  proposed  K-Mart  expansion 
to  Stadium  Plaza  will  interfere  with  the  attainment  or  maintenance  of 
Massachusetts  and  National  Ambient  Air  Quality  Standards  (NAAQS)  for 
carbon  monoxide  (CO).  The  NAAQS  were  established  by  the  Federal  Clean  Air 
Act,  and  are  designed  to  promote  and  protect  the  welfare  and  health  of  the 
public.  Compliance  with  these  standards  must  be  demonstrated  for  areas  with 
measurable  human  activity,  referred  to  as  sensitive  receptors;  potentially 
exposed  to  air  pollutants  emitted  by  motor  vehicles  in  the  study  area.  Carbon 
monoxide  is  the  pollutant  of  concern,  standard  modelling  procedures  required  by 
DEP/DAQC  were  used  to  estimate  CO  levels  at  these  sensitive  receptors  for  the 
project  alternatives  - 1992  Existing,  1997  No-Build,  and  1997  Build. 
Comparison  of  the  projected  pollutant  levels  for  the  project  alternatives  are 
compared  to  the  NAAQS  to  evaluate  if  any  violations  in  air  quality  standards 
exist  or  are  expected  to  occur  as  a  result  of  this  project. 
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METHODOLOGY 


National  Ambient  Air  Quality  Standards,  NAAQS,  for  carbon  monoxide  have 
been  set  forth  by  the  United  States  Environmental  Protection  Agency  (USEPA) 
which  are  adopted  by  the  State  of  Massachusetts  as  their  standard.  NAAQS  for 
the  1-hour  period  sets  the  maximum  concentration  for  CO  at  35  parts  per 
million  (ppm)  and  9  ppm  for  the  8-hour  period.  These  primary  standards  are  not 
to  be  exceeded  more  than  once  a  year. 

Carbon  monoxide  is  an  air  pollutant  occurring  in  concentrations  along  roadway 
corridors  where  substantial  amount  of  motor  vehicles  travel.  Motor  vehicles  are 
the  primary  source  of  CO,  the  highest  concentrations  of  this  pollutant  are 
persistent  along  roadway  corridors  where  the  affects  of  intersection  idling,  and 
queuing  in  combination  with  the  acceleration  and  deceleration  of  motor  vehicles 
tends  to  increase  CO. 

The  methodology  employed  to  estimate  carbon  monoxide  (CO)  microscale 
analysis  consists  of  two  steps.  The  first  is  to  develop  appropriate  vehicle 
emission  factors  for  each  stiidy  area  (1992,  and  1997).  The  second  involves 
applying  a  pollutant  dispersion  model  which  calculates  CO  concentrations  at 
selected  sensitive  receptors.  The  dispersion  model  incorporates  the  emission 
information  with  meteorological  and  traffic  volxune  data  for  each  study  year  and 
estimates  the  CO  levels  expected  in  the  project  area. 

Emisgion  Rates 

MOBILE  4.1^  is  a  mathematical  computer  model  used  to  calculate  the  CO 
emissions  from  the  vehicle  fleet  as  a  function  of  traffic  flow  characteristics.  CO 
emission  rates  used  in  this  study  are  based  on  suggested  input  parameters  by 
MDEP/DAQC  in  their  March  10, 1992  letter.^  Emission  rates  for  the  peak  1- 
and  8-hour  periods  are  based  on  posted  speed  Hmits  and  average  running  speeds 
along  the  project  corridor.  These  speeds  represent  firee-flow  conditions  between 
intersections.  Excess  emissions  due  to  idling  in  queues  at  intersections  are  also 
calculated  by  MOBILE  4.1.  The  generated  MOBILE  4.1  emission  factors  for  the 
study  year  alternatives  are  included  in  the  Appendix. 


II  User's  Guide  to  MOBILE  4.1  [Mobile  Source  Emission  Factor  Model) 

EPA  AA-TEB-91  -01 ;  US  EPA,  Ann  Arbor,  MI  (July  1 991). 

2/  March  10,  1992  Letter  from  Jon  Anderson  Dqxxrtment  of 

EnvironmentalProtection-Dlvisionqf  Air  Quality  Control  R^erTo 
Appendix. 
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Digpergion  Model 


The  computer  program  CAL3QHC^  is  the  line  dispersion  model  that  predicts  CO 
concentrations  at  selected  receptor  locations.  Multiple  receptors  were  used  at 
each  intersection  and  were  located  based  on  land  use  i.e.,  residences, 
playgrounds,  etc.  •  where  human  activity  is  likely  to  occur  for  a  period  of  time. 
Receptors  are  placed  at  3  meters  from  the  edge  of  pavement  and  along  a  certain 
distance  (10,  20,  30  meters). 

The  pollutant  dispersion  model  utilizes  emission  factors  generated  by  the 
MOBILE  4.1  program  in  addition  to  meteorological  data  with  roadway  geometry 
and  traffic  volume  information  to  estimate  CO  concentrations.  The  specific 
input  parameters  used  to  run  the  CAL3QHC  model  are  tabulated  in  the 
Appendix  are  are  consistent  with  the  MDEP/DAQC  suggested  input  parameters. 
The  1-hour  and  8-hour  analyses  were  completed  using  the  predicted  8-hour 
concentrations  based  on  8-hour  average  traffic  volumes  then  applying  a 
persistence  factor  to  the  8-hoiir  concentrations  to  develop  the  1-hour 
concentration. 

The  persistence  factor  is  developed  by  calculating  the  ratio  of  the  8-hour  CO 
concentrations  to  the  1-hour.  To  do  this,  actual  monitoring  data  collected  by  the 
Commonwealth  of  Massachusetts  for  CO  in  the  Lowell  area  was  used.^  The 
ratio  of  the  maximum  8-hour  concentration  sampled  to  the  1-hour  resulted  in  a 
persistence  factor  of  1.6.  This  factor  is  applied  to  the  8-hour  concentrations  from 
the  CAL3QHC  model  to  estimate  the  1-hour  CO  concentrations  in  ppm.  Refer  to 
Appendix  for  calcxilations. 

Traffic  Volumes 

Traffic  volvime  data  for  the  roadway  corridor  were  based  on  1988  data  developed 
for  the  Route  38  Transportation  Improvement  Project^  and  checked  with 
collected  1992  traffic  volxime  information.  On  a  daily  basis,  the  1992  Existing 
traffic  data  was  an  average  of  6%  lower  than  the  1988  traffic  data  for  the 
corridor.  Hence,  due  to  the  existence  of  a  more  extensive  traffic  volume  base 
network  provided  for  1988  along  the  corridor  and  at  the  intersections  in  addition 


3/  Users  Guide  to  CAL3QHC,  A  Modelling  Methodology  Jbr  Predicting 

Pollutant  Concentrations  Near  Roadwau  Intersections,  Parsons 
Brinckerhoff  Quade  8L  DouglaSt  Inc.  New  York,  September  1990. 

4/  1990  Air  Qualitu  Report,  Commomoealth  qf  Massachusetts  Executive 

Office  of  E^nvironmentai  Affairs,  Department  of  Environmental 
Protection,  Division  of  Air  Quality,  Boston,  Mass<ichusetts 

5/  Functional  Design  Report  Transvortation  Improvement  Project,  Route 

38  (Rogers  Street,  Lowell,  Mass.  Vanasse  Hangen  Brustlin,  bic 
November  22,  1 989. 
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to  the  1988  being  6%  greater,  the  1988  traffic  volumes  were  uaed  and  called 
1992  Existing,  adding  conservatism  to  the  analysis.  The  8-hour  volumes  which 
represent  the  average  hour  of  the  eight  hi^est  consecutive  peak  hours  of  the 
day  were  developed  using  twenty -four  hour  traffic  voliune  data  and  applying  the 
ratio  to  the  peak  hour  traffic  counts.  The  1-hour  traffic  is  representative  of  the 
evening  peak  hour  of  the  day.  Refer  to  the  Appendix  for  traffic  volume 
dociunentation. 

Backgrooad  Air  Quality 

Background  air  qviality  or  ambient  concentration  for  CO  that  represent 
conditions  that  exist  in  the  study  area  are  determined  by  MDEP/DAQC.  Lowell 
Massachusetts  is  classified  as  an  urban  area  that  is  in  attainment  for  CO.  The 
1-hour  background  ambient  is  5.0  ppm  and  the  8-hour  ambient  is  3.0  ppm. 
These  concentrations  are  the  base  air  quality  conditions  to  which  the  predicted 
concentrations  from  the  CAL.3HQC  model  are  added,  to  develop  the  total 
concentration  at  a  selected  site.  In  the  future  it  is  anticipated  the  Eimbient 
emissions  will  decrease  as  vehicle  fleets  are  \4>graded.  By  using  a  ratio  of  CO 
emissions  for  all  existing  1992  and  future  year  1997  in  combination  with  the 
growth  trend  in  the  alternative  years  the  background  CO  concentrations  £u-e 
expected  to  be  3.9  and  2.4  ppm  for  the  1-hour  and  8-hour  analysis,  respectively. 
This  methodology  found  in  the  Appendix  is  approved  by  MDEP/DACQ.^ 

AFFECTED  ENVIRONMENT  


It  is  proposed  to  expand  the  existing  Stadium  Plaza  in  the  City  of  Lowell  and 
Town  of  Tewksbury  currently  housing  a  Market  Basket  Supermarket,  a  Calverts 
clothing  store  and  other  smaller  retail  stores.  The  existing  buildings  consist  of 
approximately  169,875  square  feet  (sf)  of  retail  use.  The  proposed  K-Mart 
expansion  will  consist  of  the  addition  of  a  total  of  115,536  s.f  to  include  a 
100,463  K-Mart  store  and  11,040  s.f.  of  open  air  garden  shop.  The  existing  site 
has  access  to  Clark  Road,  a  new  direct  access  to  Route  38  (Rogers  Street)  will  be 
provided  across  from  the  Lowell  Research  Center  Drive  and  the  Clark  Road 
access  will  be  closed  as  part  of  this  project.  Figure  1  presents  the  project  site 
location  in  vicinity  of  the  local  and  regional  roadway  network. 

Route  38  is  a  principal  commuter  route  between  Lowell  and  Interstate  495  (I- 
495)  and  also  services  commercial  business  devel(^d  along  it.  As  such,  the 
roadway  experiences  heavy  peak  hour  and  daily  traffic  volumes.  The 
Massachusetts  Department  of  Public  Works  will  be  reconstructing  a  portion  of 
Route  38  in  the  project  area. 
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Area  Intersectioat 


Site  LocatioD/Study 
Area  Map 


Figure  1 


7 

I 
I 


Route  38 
Transportation 
Improvement  Program 
Location  Map 


Vanasse  Hangen  Brustlin,  Incs'. 


Figure  2 


The  Transportation  Improvement  Program  (TIP)  for  Route  38  will  widen  the 
roadway  to  provide  two  through  lanes  of  traffic  in  addition  to  signalizing  major 
intersections.  Left  turn  lanes  will  be  added  to  the  intersection  approaches  to 
increase  capacity.  The  corridor  presently  experiences  capacity  conditions  during 
peak  hour  traffic  flow.  With  the  proposed  roadway  geometry,  levels  of  service 
along  the  roadway  will  increase  and  provide  greater  progression  to  traffic  flow 
throu^  the  area.  The  Route  38  TIP  is  an  approved  roadway  project  scheduled 
for  construction  in  the  Spring  of  1993.  Figure  2  illustrates  the  Route  -38  TIP 
study  area. 

The  microscale  air  quality  analysis  includes  five  intersections  along  the  Route 
38  corridor  that  were  previously  studied  in  the  TIP.^  The  MEPA  scope  requires 
a  microscale  analysis  for  any  study  area  intersections  operating  at  Level  of 
Service  (LOS)  D  and/or  where  the  proposed  project  adds  10  percent  or  more  to 
the  traffic  volumes.  The  intersections  included  in  the  air  quality  analysis  are 
listed  below: 

•  Route  38/Phoenix  Avenue/Douglas  Road 

•  Route  38/Lowell  Research  Center  Drive/(Stadium  Plaza  Access  Drive) 

•  Route  38/Clark  Road 

•  Route  38/1-495  Southbound  Ramps 

•  Route  38/1-495  Northbound  Ramps 

The  study  area  including  these  five  intersections  are  modelled  using  the 
CAL3HQC  computer  program  for  the  1992  Existing,  1997  No-Build  and  1997 
Build  alternatives.  The  1992  existing  conditions  incorporate  existing  traffic 
volumes  with  present  day  road  geometry.  The  1997  No-Build  alternative 
represents  the  roadway  in  a  five-year  horizon  with  traffic  anticipated  to  increase 
over  existing  due  to  background  developments  to  be  constructed  and  areawide 
growth  in  this  region.  The  Route  38  improvement  project  will  be  in  place,  hence 
the  upgraded  roadway  geometry  wHl  be  modelled  for  Uie  future  year  analysis. 
In  the  1997  Build  scenario  the  K-Mart  traffic  generation  will  be  introduced  to 
the  roadway  network  with  the  improved  roadway,  and  modelled  to  estimate 
future  year  air  pollutant  levels. 
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Selected  areas  have  been  chosen  along  the  study  corridor  as  receptor  locations 
representing  land  uses  considered  sensitive  or  areas  where  CO  concentrations 
are  expected  to  be  persistent  Table  1  presents  the  receptor  location  by 
identification  number  along  the  study  Birea  corridor.  Figure  3  illustrates  the 
locations  of  these  receptor  locations.  A  total  of  six  receptor  sites  were  chosen 
along  the  study  corridor  representing  similar  land  uses  that  are  susceptible  to 
motor  vehicle  emitting  pollutants. 


Table  1  Air  Quality  Receptors 

Receptor  No.  *  Receptor  Location/Description 

1  Residences  @  Route  38/Phoenix  Avenue/Doiiglas  Road 

2  Residences  &  Park  Area  @  Route  38A^illage  Avenue/Groton  Street 

3  Commercial  use  9  Route  38/Lowell  Research  Center  Drive/Stadium  Plaza 
Access  Drive 

4  Commercial  Use  9  Route  38/Clark  Road 

5  Commercial  use  9  Route  38/1-495  SB  Ramps 

6  Residences  @  Route  38/1-495  N6  Ramps 


Notes: 

*  Refer  to  Figure  3  for  Receptor  Locations 
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Air  Quality  Receptor  Locations  Figure  3 


CONCLUSIONS 


The  microscale  analysis  demonstrates  that  the  proposed  project  will  not  have  an 
adverse  impact  on  air  quality.  The  results,  presented  in  Table  2,  do  not  violate 
the  carbon  monoxide  criteria  in  the  Massachusetts  State  Implementation  Plan 
which  states  that  a  proposed  project  cannot  cause  a  new  carbon  monoxide 
violation,  nor  can  it  exacerbate  an  existing  violation.  In  general,  the  carbon 
monoxide  levels  continue  to  improve  from  1992  to  1997  at  all  locations  except  at 
the  intersection  of  Route  38  and  Clark  Road.  Hiis  intersection  will  experience 
an  increase  in  carbon  monoxide  levels  due  to  the  proposed  project.  However.this 
increase  is  not  signficant  Finally,  the  air  quality  analysis  indicates  that  the 
project  area  is  in  attainment  for  carbon  monoxide  and  can  be  expected  to  remain 
in  attainment  due  to  Massachusetts'  Inspection  and  Maintenance  Program  and 
the  Federal  Motor  Vehicle  Emission  Control  Program  (new  vehicle  standards). 
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Table  2         Carbon  Bionozide  Results 


One  Hour  Values 
(One  Hour  Standard  =  35  Parts  Per  Million) 


Location  1992  No  Build  1997  No  Build  1997  Build 

Receptor  1  11.2  7.0  7.0 

Receptor  2  9.4  8.8  9.6 

Receptor  3  10.4  9.9  10.2 

Receptor  4  10.7  10.6  12.3 

Receptors  12.0  10.7  11.0 

Receptor  6  9.6  8.6  9.3 


Table  3         Carbon  Monoxide  Results 


Eight  Hour  Values 
(Ei^t  Hour  Standard  =  9  ParU  Per  Million) 


Location  1992  No  Build  1997  No  Build  1997  Build 

Receptor  1  7.0  4.4  4.4 

Receptor  2  5.9  5.5  6.0 

Receptor  3  6.5  6.2  6.4 

Receptor  4  6.7  6.6  7.7 

Receptors  7.5  6.7  6.9 

Receptor  6  6.0  5.4  5.8 
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